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THE PROJECT CONTROL CYCLE 
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Project Planning Methodology 

Project objectives and requirements are set 

Consider restraints, opportunities and options 

Specific work activities are defined and listed 

Project organisation is created 

A schedule is prepared 

A budget/resource plan is prepared 

A forecast is prepared of time, cost, etc. 

Monitor progress 

Review the model 

Take action 



Who Plans? 
Levels of Planning 
Characteristics of a Good Plan 

Contents of Project Summary Plan 

• Introduction 

• Management summary 

• Management and organisation section 

• Technical Section 



TOOLS OF PROJECT PLANNING 

• Work Breakdown Structure (WBS) 

• Responsibility Matrix 

• Events and Milestones 

• Logic Work Lists, Bar Charts and Networks 

• Cost Estimating and Budgeting 
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WORK PACKAGES 

A typical work package description includes: 

A summary of the work to be accomplished 

Inputs required from other project tasks 

The manager/organisational unit responsible 

Product specifications 

Resource estimates 

Total cost and budget 

Scheduled dates and milestones events 
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Network Diagram 



A diagrammatic representation of a program or plan 
for a project that shows the correct sequence and 
relationship of activities and events required to achieve 
a given objective. 

Characteristics: 

• Shows the logic of the project 

• Each arrow represents an event necessary to 
complete the project 

• A dummy activity is used to indicate a required 

dependency 



ACTIVITY-ON-ARROW DIAGRAMS 



Arrow Diagram Definition 
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each activity is uniquely 
identified by event numbers 

The logical sequence between activities is represented 
by linking activities at their starting or ending nodes 
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A precedes B while B follows A 

Numbering System flow with the logic direction 
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Single Start and End Events 
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TIME ANALYSIS 

What is the earUest that an event may occur? 

Forward Pass: Adding activity duration to the 
Early Event Time EFi at the start of the activity 
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What is the latest that an event may occur? 

Backward Pass: Subtracting activity duration 
from the Early Event Time EFi 
at the start of the activity 

Moving from the project's end to its start 
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Total Float (TF): 

is the spare time by which the start of an activity 

may be delayed without 

causing the project to last longer . 

Free Float (FF): 

is a part of TF representing the spare time which 
can be used in delaying the activity without 
affecting the start time of any successors. 

TF = LF - EF = LFj - EFi - D 
FF = EFj - EFi - D 




Forward pass 
Backward pass 
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Forward pass 
Backward pass 
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Delay, Lead (delay start) and Lag (delay finish) 
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Precedence Diagram Method (PDM) 
Activity-on-Node Network 



D 



A method of network programming in which the activitie: 
are shown in the node box and connected by lines to 
show their inter-relationship 
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Characteristics: 

• Shows the logic of the project 

• Each node represents an activity necessary to 
complete the project 

• No dummy activities are necessary 
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SINGLE ACTIVITY 
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Finish to Finish Relationship 
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Start to Finish Relationship 
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Backward Pass 
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Several Dependencies At A Node 
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PERT NETWORKS 

Why do we need PERT? 
Deterministic vs. Probabilistic duration 
Variability in estimating duration or 
Probability of meeting the target 

PERT allows for 

Optimistic 

Most likely and 

Pessimistic values 
to be considered in predicting the overall time 
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Why do we need to know about V (measure of variability)? 

To measure the uncertainty of our estimation. 

The larger V, the less reliable te, and the higher the 
likelihood that the activity will be completed much earlier or 
much later than te. 



Since Te is computed as the sum of average times, Te itself 
can be thought of as an average time. 

This means that there is a 50% chance that the project will 
be completed in less than Te and a 50% chance that it will 
exceed Te. 

V (Te) = E V 

The variation of the distribution of Te is computed as 
the sum of all C.P. variances. 

In other words, use the variance of critical activities to 
assess the variance of the overall project. 

In our analysis, we will assume that the project completion 
date (Te) follows the familiar normal probability distribution 



To determine what is the probability of meeting a proposed 
deadline, it is necessary to detennine the area under the 
normal curve to the left. 



Z = Tx - Te 
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2S and -2S 
= 95% 
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Z is the number of standard deviations the due date lies 
beyond the expected date 
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Steps for PERT 

1 . Estimate to, tm, tp for each activity (given values) 

2. Compute te for each activity (use te equation) 

3. Calculate standard deviation for each activity 

S = ( tp - to ) / 6 

4. Calculate variance for each activity 

V = s*s 

5. Determine ES, EF, LS, LF, TF, FF 

6. Determine Te (Critical Path) = E te along C.P. 

7. What is the confidence in calculated Te 

V (te) = E V for critical activi ties on ly 
and project standard deviation S (te) = V V(te) 

8. Use probability tables to compute your chance in 

meeting the target duration 
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In practice, there might be too many options. 

It all depends on your perspective and priorities. 

Once you compared supply to demand, investigate ways of 

levelling/smoothing the demand profile 

• Use of free float on activities demanding that resource 

• Use of total float 

• Use of flexible resources to stretch activity duration 

• Extend the project total time (last resort, if no penalty is involved) 

The ideal histogram is that with as few changes in level as possible 
Remove the peaks and Raise the valleys 

Cumulative 
requirement 




MONITORING USING BAR CHARTS 
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MONITORING USING NETWORKS 
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MONITORING USING KEY TRENDS 

Work remaining 




Identify critical and near critical activities 

Identify milestone dates for completion on a percentage basis %50, %60%, ... 

Monitoring to be undertaken on a regular basis 

Decisions to be made by management to bring the project back in line with the 

program. 



CRASHING NETWORKS 

Reducing the projected completion date by evaluating the plan and 
re-scheduUng it with network logic or resource allocation changes 

To crash (compress) a network'. 

HIGHLIGHT CRITICAL ACTIVITIES 

CHECK LOGIC (MuWiple-Dependency, Overlap, Lead times) 

REVIEW DURATION (Significant Activities) 

REVIEW TECHNIQUES (Construction Methods) COST!!! 

MAKE CHANGES CHECK NEW CRITICAL PATH 
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CRASHING NETWORKS 

Reducing the project completion date by evaluating the plan and 
re-scheduUng it with network logic or resource allocation changes 

To crash (compress) a network'. 

HIGHLIGHT CRITICAL ACTIVITIES 

CHECK LOGIC (MuWiple-Dependency, Overlap, Lead times) 

REVIEW DURATION (Significant Activities) 

REVIEW TECHNIQUES (Construction Methods) COST!!! 

MAKE CHANGES CHECK NEW CRITICAL PATH 



OVERLAPPING 











? 


8 


13 










FF 


^ 


13 


— 












8 




















" 


5 


? 


- 






12 






13 


7 


20 





'^ 


^ 


HL 


B 


" 


13 


E 


17 




' 






















SS 1 














6 


4 


10 










IF 


















- 




D 







■ 


16 


7 


23 




16 


E 


23 




' 










12 


4 


16 




12 


D 


JTF^ 


J 



CRASHING 
WITH NO 
EXTRA COST 



CRASHING NETWORKS AT EXTRA COST 

This technique is used after attempts have been made to 
crash the network at no extra cost. 
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most efficient for least cost 
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Total project costs = Direct + Indirect costs 



The objective of each stage in crashing a schedule is to work 
on one (or more) activities to produce a feasible shorter schedule 
for the minimum increased direct cost per unit . 
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Steps: 

1. List all activities on the critical path 

2. Select the activity with potential 
(time savings for least cost: low slope) 

3. Detennine new critical path(s) if any 

4. Re-evaluate the network 

5. Repeat the above for another activity. 
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Step 2 
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a) Fully analyse the PDM detailed above and show the critical path? What is 
the total completion time for the project? 

b) The project manager requests that you crash the above network. Based on 
the following information, which option would you choose to start crashing 
the network? And why? 
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Non-Network Resource Planning Techniques 

3 Types of Schedules Possible 
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time 



Flowline 



time 



time 



1 gang 4 gangs 2 gangs 

Goal : a combination to optimise resources 
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As long as the slopes are eitlier equal or decreasing as one moves 
to the right, the project should proceed satisfactorily. 
However, if scheduling shows one operation proceeding too 
rapidly, with a high slope compared with those preceding it, 
conflict occurs. 
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LINE OF BALANCE (LOB) 

LOB is a graphic technique used to : 

• Plan the production of repetitive operations. 

• Examine the implications of using given resource 
configurations for such operations. 

Applications: 

Repetitive construction work (over and over) 
(multi-storey building, pipelines, road construction) 

Conditions: 

Direct control on repetitive activities 

Aim: 

Provide regular/balanced delivery of the product 
based upon continuous use of resources. 



The first step is to prepare your logic diagram 

then, estimate the resource units (eg manhours) to complete each 

activity. Using the above, determine actual production rate 



Constract: 106 units 

5 working days@ 7hr/day = 35hrs/week 

Target Rate R = 8 units per week 



(Walker, p. 117) 




20 

2 
2 

5 



8*20/35 = 4.6 
8*2/35 =0.46 
8*2/35 =0.46 
8*5/35 =1.14 



(6/4.6)*8 =10.5 
(2/0.46)*8 = 35 
(3/0.46)*8 = 52.5 
(4/1.14)*8 = 28 



The second step is to determine time required to complete 1 unit 

and the elapse time per activity (the start of last unit - the start of 1st) 
Using tliese values, represent each activity graphically 

Manhours required , Theoretical gang size 



Act. 
ID 



Actual rate of out 
(units/week) 



10.5 

35 

52.5 

28 



Time j 
activity (days) 



20/(3*7) = 0.95 
2/(2*7) =0.14 
2/(3*7) =0.10 
5/(4*7) =0.18 



Elapsed time bet. start on 
1 St unit and last unit (days) 



(105*5)/10.5 = 50 
(105*5)/35 = 15 
(105*5)/52.5 = 10 
(105*5)/28 = 19 



7 hrs per day ^'^ / 

round them off to multiple 0.5 days 



5 days per wk 
(106-1) 



Units 



2days buffer 
50 



1.5 days buffer 106/8 = 66.25 d 

55 66 66.5 

Project 
ends 



t.3 days 
51 ' 53 If 




(days) 



The buffer is to allow for any delays/problems that may occur 
during the contract period. 

This buffer time is the minimum time for all delays between 
activities to all units. 

The LOB technique is based on: 



repetitive operations 

continuity for each activity's workforce 

regular delivery of units to the chent 



QUEUING THEORY 



SIMULATION 



Dr Rodney Stewart 



K „ 32,53 
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58,58 65,65 
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Units 



2days buffer 
50 



1.5 days buffer 106/8 = 66.25 d 
55 66 66.5 



1.5 days 
_51 " 53 If 




Project 
ends 



days buffer 
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— >► 



(days) 



WORK STUDY 

Systematic examination of any job so that the most effective and 
economical use of resources can be obtained. 



Work measurement 

determines basic 
output rates 
I 
more effective use 
of resources 



Method studv 

improves production 
methods , 

improves planning and control 
rates for incentive payments 



Step Description 
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Steel delivered 
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by road 


Unload 






75 
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mobile crane 


Sorted 






20 


• 










by hand 


To storage 




70 








^ 






mobile crane 


Storage 
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cutting bench 




















To cutting bench 




60 








^ 








Cut to length 




90 
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3 workers 



A FLOW PROCESS CHART 



Steel arrives unload sorted to storage 



O 



f 



storage 



cut to length to cutting bench wait 



A FLOW DLVGRAM 



Problem: 

Material arrives at the average rate of five (5) 
loads per hour. The material is handled by 
a fork-lift truck which has an average 
rate of seven (7) loads per hour. 

Management requires to know: 




a) the average number of loads at the section waiting to be moved, 
when there is a queue 

b) the average length of time an arriving load spends waiting 
for service 

c) what the average service-rate must be in order to reduce the 
expected waiting time to 15 minutes for a load. 



QUEUING THEORY 



The Simple Queue 




Sener 



Departure 



OUTPUT 



QUEUE "waiting line" 

No limit to the length of the queue 
Multiple arrivals are not allowed 
No one leaves without being served 
There is only one server 
First-in is First-out "no priority" 



Pattern of Arrival 

Random "independent of one another" 

The number of arrivals per unit of time can be estimated 
by a probability distribution " Poisson distribution " 



Probability 

A 
0.2 

0.15 
0.1 



X mean arrival rate 
2 trucks / hr 

P(X) 



X no. of trucks/hr 

e ^ 



mi 



1 2 



4 5 6 7 



X 



X! 

The probability of trucks 
arriving in any random 
hour is about 13% 



Pattern of Service 



The random service times can be described the -ve 
exponential probability distribution 

J Probability 

P (service takes longer than X minutes) = e 

(J, is the mean number served per minute 

Mean service time is 45 minutes, P= for 180 minutes 




■nX 



Service time (minutes) 



30 



60 90 



120 



180 



QUEUING EQUATIONS 



X mean arrival rate 
|j, mean rate of service 

The Traffic Intensity p = X / [i 



(J, > X 



Equations: 

The number of units in the system ; N 

2 trucks arriving per lir 

3 trucks serviced per lir 



10, - A, 



(1) 



tlien N = 2/(3-2) = 2 tmcks in the system on the average 



The average time a unit spends in the system : T = 1 / { ^ ~X) (2) 
T= 1(3-2) = Ihr 



The average number of units in the queue ; Nq = 

Nq= 2*2/3(3-2) =1.33 trucks on average 
The average time a units spends in the queue Tq = 
Tq= 2/3(3-2) =40 minutes 



(3) 



|J,(^ -X,) 



(4) 



\l (^ =^) 



The utilisation factor p = X / \x 67% of time server is busy 

Probability of having no trucks in the system = 33% 



Probability of more than N trucks in the system 

N+1 
P- (X/il) whereN = 0, 1,2, 3, ... 



N 


P 





0.667 


1 


0.444 


2 


0.296 


3 


0.198 


4 


0.132 


5 


0.088 


6 


0.058 



Since on average a tmck has 40 minutes wait, 
if the service centre works 8 hrs/day, the total 
number of hours tliat drivers spend waiting 
for servicing each day is 

40 * 8 * 2 = more than 10 hours 



For a simple queue, what is the average number of customers in 
the system for a traffic intensity of 0.5, 0.8, 0.9 and 0.95? 



P 



1 



1,4,9 and 1 9 respectively 



H - A, 1 - P 



If the mean service rate is 10 per hour, what is the average time 
a customer is in the queue for the same traffic intesities? 



Tq= N/|X 



0.1,0.4, 0.9, 1.9 hours 



Tills means when traffic intensity is as high as 0.95, customers 
will have to wait in the queue for 1 14 minutes (on average) before 
being served in 6 minutes (on average). 



Problem: 

Material arrives at the average rate of five (5) 
loads per hour. The material is handled by 
a fork-lift truck which has an average 
rate of seven (7) loads per hour. 

Management requires to know: 



a) the average number of loads at the section waiting to be moved, 
when there is a queue 

b) the average length of time an arriving load spends waiting 
for service 

c) what the average service-rate must be in order to reduce tlie 
expected waiting time to 15 minutes for a load. 




1=5 [1 = 7 p = 5/7 = 0.7 

Average no. int he queue = 1 / (1 - p) =3.4 

This means the average no. of loads waiting to be moved 
when there is a queue = 3.5 

Average time in queue = p / |a. (1 - p) = 0.35 hrs 

= 21.4min 



to reduce the waiting time to 15 minutes = 1/4 hr then 
p / ^ (1 - p) = 1/4 p = 5/^1 

the service rate should be increase from 7 to 7.6 units 
per hr. 



SIMULATION 

When a system contains elements that exhibit chance m their 
beliaviour, the A Ion te Carlo method of simulation may be applied, 
"experimentation on the chance elements through random sampling" 



Simulating randomness 

Each digit has probability 16.6% of occurrence 

Establishing a probability distribution 
"historical data" 



Calls for your flatmate 
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2 


3 


4 


5 


Frequency (days) 


10 


20 


40 


60 


40 


30 


Prob. of occurrence % 


5 


10 


20 


30 


20 


10 



1.0 A 

Cumulative 
probability 



k 


0.35 


0.65 


0.85 




85 






E S£ 










1 




0.15 




o 


0.05 




^ 



1 2 3 4 5 

Daily Calls 

If there is a 5% chance that calls per day, then we want 5% of the 
random numbers available to correspond to calls. So, a simulated 
calls would be created every time one of these random numbers. 



The easy way is to relate the interval of random numbers to 
the probability of occurrence. 



Calls for your flatmate 





1 


2 


3 


4 


5 


Prob. of occurrence % 


5 


10 


20 


30 


20 


10 


Interval of Random No. 


1-5 


6-15 


16-35 


36-65 


66-85 


86-00 



4 calls per day occurs 20% of the time. Any of the 20 random 
numbers (66-85) are assigned to that event. 



Generate Random Numbers 

52, 37, 82, 69, 98, 96,33 50, 88, 90, 50. 27, 45, 81, 66, 74, 30, 

59, 67, 



Simulate the Experiment 



Calls for your flatmate 





1 


2 


3 


4 


5 




Prob. of occurrence % 


5 


10 


20 


30 


20 


10 




Interval of Random No. 


1-5 


6-15 


16-3! 


36-65 


66-85 


86-00 








Day Number 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Random Numbers 


52 


37 


82 


69 


98 


96 


33 


50 


88 


90 


Simulated daily calls 


3 


3 


4 


4 


4 


5 


2 


3 


5 


5 



Total 10-day calls = 38 therefore, average daily calls = 3.8 



Example of Monte Carlo Simulation 

Concrete trucks arriving at a site requiring 20 concrete trucks 

It takes about 3 minutes to discharge a truck (2 trucks max. in a queue) 



Arrival time intervals(min) 


2 


3 


4 


5 


6 


Frequency % 


10 


15 


30 


25 


20 


Interval of R. Number 


0-9 


10-24 


25-54 


55-79 


80-99 



Truck No. 


1 


2 


3 


4 




11 


12 


R.No. 


89 


29 


73 


50 




88 


2 


Arr. time 


6 


4 


5 


4 




6 


2 


Cum. time 


6 


10 


15 


23 




48 


50 



Example 2 

Two concrete mixers A & B. The daily output of each mixer is 
as follows: 



A 




B 




Daily 


Chance (%) 


Daily 


Chance (%) 


output (CM) 




output (CM) 







20 





10 


7 


20 


6 


30 


8 


30 


7 


40 


9 


30 


8 


20 



QC tests give each days' output a probability 0.95 of being accepted. 
Monitor the daily and cumulative output for a period of 10 days 



Mixer A Daily output 





7 


8 


9 


Prob. of occurrence % 


20 


20 


30 


30 


Interval of Random No. 


0,1 


2,3 


4-6 


7-9 



(A) 



(B) 



QC 



RN output RN output RN test D. output C. output 



Da3f 
1 

2 
3 
4 
5 
6 
7 
8 
9 
_IIL 



79 
85 
57 
68 
18 
08 
27 
05 
66 



14 

7 



14 
21 



MATERIALS MANAGEMENT 



STOCK CONTROL 



Dr Rodney Stewart 



Material Management 

The Total Cost of Materials 

Cost of materials can be up to 50% of tlie project cost. 
Materials control 80% of the project schedule from acquisition 
to use. 

Material Cost Categories 



Price & cost Selling price = 

(cost approach) total product cost + 

or profit 
(negotiated) 



Manufacture cost = 
factory cost + general exp 



MANUFACTURER'S VARIABLE COSTS 



Direct Materials Direct factory labour Indirect costs 



Raw materials,(20-30%) 
items required for 
processing 
(20-30%) 



scrap, losses, handling 

testing (25-50%) 



Fixed costs can be seen as overhead, depreciation, stock control 
Stock control can be very expensive (20-30% of the cost per year) 



STOCK CONTROL 

Definition: 

It is any stored resource that is used to satisfy a current or 

future need. 
Objectives: 

To meet the needs of the construction user 

To do so in an efficient and cost effective way 

To manage a stoclc: 

Keep records to tell what is on hand 
maintain physical protection and safety 
know exact location and control costs 

How to get the balance between low and high stock levels ? 







STOCK CONTROL 






Plarming on what 

resource to stock and 

how to acquire it 




Forecasting parts or 
products demand 


























Feedback measurements 

to revise plans and 

forecasts 




Controlhng stock 
levels 





















STOCK CONTROL DECISION 

How much to order? When to order? 

Costof the items Cost of ordering "delivery" Cost of holding 

Cost of safety stock Cost of stockouts 



Cost of ordering 


Cost of holding 


Processing Purchasing order 


Cost of capital 


Inspecting incoming material 


Insurance 


Bill paying 


Theft 


Utilities (phone bills) 


Damage 


Purchasing dept. employees 


Warehouse employe 



How much to order? 

BASIC STOCK CONTROL MODEL Stock level 

Q 

Q Order Quantity 

EOQ Economic Order Quantity 

Assumptions: „ 

Demand is known and constant 
Lead time is known and constant 
The receipt of material is instantaneous 
The only variable costs are ordering 
& holding costs. 

Total cost = ordering cost + holding cost 




Time 



hole 



EOQ Quantity 



Let tlierebe: Q items in each delivery 

the ordering cost for each order be (c) 

the amiual demand be (d) no. of deliveries -- 

So the annual ordering cost = cd/Q 



d/Q 



If a subcontractor needs 10,000 components per year, and the cost 
of placing an order is $32, plot the ordering cost as function of Q 



Ordering Cost '■ 



cd/Q 
320,000 /Q 



Q 


Ordering cost 


($) 


deliverie 


100 


3200 




100 


200 


1600 




50 


400 


800 




25 


500 


640 




20 


1000 


320 




10 



Ordering 
Cost 



Quantity 



Let the value of each item be (p) 

the holding cost for a year be proportion (i) of stock value 
In other words, the cost of holding one item for a year is (ip) 

Average stock level throughout the year is Q/2 

So the aimual holding cost = (ip) Q/2 

(Example Continued) If each component is worth $40, and the stock 
holding costs are 10% of stock value per year, then 



p = 40 & i = 0.1 
holding cost =0.1(40) Q/2 
= 2.0Q 

Q 100 200 400 

Cost($) 200 400 800 



500 
1000 



Holding 
Cost 



Quantity 



Q Ordering cost ($) Deliveries 


Holding cost 


Total cost 


100 3200 100 


200 


3400 


200 1600 50 


400 


2000 


400 800 25 


800 


1600 


500 640 20 


1000 


1640 


1000 320 10 


2000 


2320 


So, your Economic Order Quantity is 400 at a time 




It is obtained at the point where Ordering 


cost is equal to holding cost 


Total j 






Q = ^ / 2cd Cost 


I 




V ip 


^^ 


, 


.Ol 




1 



When to order? 

So far in this model, we assumed 
that the receipt of an order is 
instantaneous 

But you need to know the reorder point 
ROP = (Demand per day) (lead time) 




Time 



Lead time 



Your demand is 8.000 units per year (daily demand of 40) 
On tlie average, delivery of an order takes 3 working days 

ROP = (40) (3) =120 Units 



Example (1): 

You have to order components in batches of 150 units. It has been 
estimated tliat annual demand for these components is 250. 
Furthermore, holding cost is estimated to be $1 per unit per year. 
For the order policy to be optimal, 
determine what are the ordering cost would have to be? 



Solution 



Q=150. d = 250 



2cd 



ip = $l 



-^ c =Q (ip/2d) = $45 



Example (2): 

Annual demand is 40,000 units, ordering cost = $15 per order 

holding cost is $3 per unit per year 

If there are 160 working days per year, find the daily demand 
and the optimal number of days bet\veen orders? 

Solution d = 40,000 c = $15 ip = $3 

So optimal Q = > / 2cd = 632 units 

\/ ip 



Optimal no. of orders per years =40,000/632 =63.3 = 64 
Daily demand = 40,000 / 160 = 250 units 

Optimal no. of days bet\veen orders = 160/ 64 = 2.5 working days 



STOCK LEVEL AS A FUNCTION OF TIME 



Stock level 
Production 




No production 



Time 



t (length of production run) 

• The batch will not arrive all at once but is built up at uniform rate. 

• Stock refers to products. 

• As soon as stock runs out. the producer immediately embarks on 
production of new batch. While production of tliis batch is still 
going on, items made earher can be sold. 

• We will have a set-up cost (cost for setting-up production). 



How much to order? 

Cost of Set-up (very similar to ordering cost): 

(c) set-up cost per batch, (d) demand (sell) rate, (Q) items per batch 
No. of batches =d/Q & Annual set-up cost = cd/Q (1) 
Cost of Holding: 

Annual cost of holding = average stock level * holding cost per unifyear 
Average stock level = 0.5 (maximum stock level) 
Max. stock level = (total produced during the production run) - 

(total used during the production run) 

If I produce Q items per batch then Q = r t 

where r no. of produced items per year of production time 



Therefore, 

total produced - total used = rt - dt = (r - d) t 

= (r-d)(Q/r) 

= Q(l - d/r) 

Annual holding costs = 0.5 Q (1 - d/r) (ip) (2) 

Production Run Model Basic Stock Control Model 



V ip(l-d/r) 

selling rate 
production rate 



2cd 



Example: 

A company sells items at the rate of 500 per day throughout a year 
of 250 days. It can produce at a rate of 800 per day with a set-up 
cost per batch of $600 and a cost per item of $4. 
If the proportionate stock-holding cost is 25% of stock value per year, 
find the economic batch quantity? 



Solution: 

d = 500 (250) = 125000 items per year 
r = 800 (250) = 200000 items per year 

Set-up cost per batch = $600 

Q ■ 

ip = 0.25(4) = $! per year 



(I-d/r) =0.375 



Q = 2 (600) (125,000) 
1 (0.375) 



\ / 2cd 
\/ ip (I-d/r) 
20,000 ie. produce in batches of 20,000 



STOCK CONTROL WITH DISCOUNTS 



Discounts are available for large orders 

Ordering cost + Holding cost - Discount savings 

Cost 




EOQ 



Example: If a firm is able to obtain quantity discounts on its orders 
as shown below, calculate the best quantity to order. 



ice per ton ($) 


Tons bought 


6.0 


1- 249 


5.9 


250-799 


5.8 


800-1999 


5.7 


2000-3999 


5.6 


4000 and over 



The ordering cost (c) = $6, annual demand (d) = 4000 tons 
holding cost are 20% of material cost. 



2 (6) (4000) 
0.2 (6) 



200 



2cd 



Q 


(1) ordering 


(2) holding 


(3) discount 
savings 


(l)+(2)- (3) 




cd/Q 


0.5Q(ip) 


4000 (6-p) 






=24,000/Q 


= 0.1Q 






200 


120 


120 





240 


250 


96 


147.5 


400 


-156.5 


800 


30 


464 


800 


-306 


2000 


12 


1140 


1200 


-48 


4000 


6 


2240 


1600 


646 


Buy in batches of 800 tons. 







Example: Given the following information, what order quantity 
will minimise the total stock control cost. 



Discoun 


t Quantity 


Cost per item 


1 


1-999 


$50 


2 


1000-1999 


$48 


3 


>2000 


$46 



2cd 



The ordering cost per order $490, armual demand = 5000, and 
holding cost is 0.2 of item cost. 

Solution: Calculate Economic Order Quantity for each discount 



Qi 



2(5000) (490) 
0.2 (50) 



Q2 = 714 items Q3 = 730 items 



700 items 



They have to be adjusted 



Why do we need to adjust Q2 and Q3? 






Simply because a quantity Q witliin the discount range may | 


result in the lowest total cost. 






Annual Material Cost = 


aimual demand (d) 


* cost 


per unit (1) 


Aimual Ordering Cost = 


= cd/Q 




(2) 


Amiual Holding Cost 


= 0.5 Q (ip) 




(3) 


Discount Unit price 


Q (1) 


(2) 


(3) Total ($) 




000 's 


OOO's 


OOO's OOO's 


1 $50 


700 250 


3.5 


3.5 257 


2 $48 


1000 240 


2.45 


4.8 247.25 


3 $46 


2000 230 


1.23 


9.2 240.4 


Select the order quantity witli the lowest total cost. 


An order of 2,000 


minimises the total cost 









Cost 



Discount 
apphes 



Discount 




EOQ B Q 

Point Qa for tlie discount is < than allowable range. But Point Qb 
is the one that gives rise to the minimum total cost. 
We try to ensure that we do not discard an order quantity that may 
indeed produce the minimum cost. 



HUMAN RESOURCES PLANNING 

Purpose: To maintain an adequate supply of suitable 
experienced labour. 

To reduce overmanning during downturns in demand 

To avoid sharp fluctuation in each trade. 

Factors Influencing Demand & Supply of Labour 

Wages & Rewards 

Skills 

Other factors such as 

Geographical location, working conditions. Social 



INCENTIVES 

1. Daywork (function of time $ per hour) 

2. Piecework (uniform price per unit of production), the incentive 

is to produce more. (repetitive work) 

3. Standard System (money is the target) 

This is the job. it needs a max. of 8 hours 

4. Hours-saved System (bonus is earned if perfonnance exceeds 

agreed standards) 

A good scheme should allow for 

(1) A bonus to be paid in direct proportion to the effort applied. 

(2) The earnings should not be limited 

(3) No sub-standard work is allowed (penalty is involved). 



Assumptions: 



ALLOCATION 



1. No. of People (rows) =No. Tasks (columns) 

2. The numbers within the matrix are the costs 
associated with each particular task. 



Say you have three rushed tasks (Tl). (T2) & (T3) 
and you liave ADAMS, BROWN and COOPER 

are available to perform tasks at different speed/cost). 



ADAMS 
BROWN 
COOPER 



Tl 
$11 
$8 
$9 



Six alternatives are available 



T2 




T3 


$14 




$6 


$10 




$11 


$12 




$7 


3! = 


3(2)(1) = 


= 6. 



MATRIX REDUCTION 



What we need is an a method that can provide us with an efficient 
means of finding the OPTIMAL solution without having to make 
a direct comparison of every option. 

(1) Create a matrix of opportunity cost. 

Subtract the smaUest no. in each row of the original cost matrix 
from every number in that row, and THEN 

Subtract the smallest number in each column of matrix obtained 
from every number in that column. 





Tl 


T2 


T3 


ADAMS 


$11 


$14 


$6 


BROWN 


$8 


$10 


$11 


COOPER 


$9 


$12 


$7 




Tl 


T2 


T3 


ADAMS 


5 


8 





BROWN 





2 


3 


COOPER 


2 


5 







Tl 


T2 


T3 


ADAMS 


5 


6 





BROWN 








3 


COOPER 


2 


3 






(2) Coimect "zeros" either vertically or horizontally and then compare 
the no. of lines (N), we are after the minimum number of straight 
hues needed to cover ALL "zeros". 
If (N) = number of rows/columns Optimal solution 



Tl 

5 



T2 
6 



ADAMS 
BROWN 
COOPER 



(3) Subtract the smallest number "not covered" from EVERY other 
uncovered number and then add the same number to the intersection 
of any 2 hues even if it was (0). 

Tl T2 T3 

ADAMS 3 4 

BROWN 5 

COOPER 1 



You can have 


an optimal solution by 


Maximising efficiency 


Example: 

The only difference is that you need to convert the matrix first 
into a minimising opportunity cost table and then proceed with 
the previous tliree steps as before. 




Tl 


T2 


T3 T4 


ADAMS 


20 


60 


50 55 


BROWN 


60 


30 


80 75 


COOPER 


80 


100 


90 80 


DAVIS 


65 


80 


75 70 




Tl 


T2 


T3 T4 


ADAMS 


80 


40 


50 45 


BROWN 


40 


70 


20 25 


COOPER 


20 





10 20 


DAVIS 


35 


20 


25 30 





Tl 


T2 


T3 


T4 


ADAMS 


40 





10 


5 


BROWN 


20 


50 





5 


COOPER 


20 





10 


20 


DAVIS 


15 





5 


10 




Tl 


T2 


T3 


T4 


ADAMS 


2-5 


( 


) 


W 





BROWN 


5 


—5i 


) 


— 





COOPER 
DAVIS 


5 


( 


) 


10 


15 








5 


4 Straight lines 


covering all 


zeros in the matrix Optimal Solution: 


Cooper will definitely perform Task T2 


(100%) 




Davis will perl 


orm Task Tl 




(65%) 




Brown Task 3 


(80%) & finally Adams will perform Task 4 (55%) | 



Matrix Reduction Question 

Your company has one surplus truck in each of the towns A, B, C, 
D, and E and one deficit truck in each of the construction sites 1, 2. 
3, 4, 5 and 6. The distance between the towns and tlie construction 
sites in kilometres is shown in the matrix below (see Table 1). 
Assign the trucks from towns to construction sites to minimise the 
total distance covered. 





Sitel 


Sitel 


Site 3 


Site 4 


Sites 


Site 6 


A 


12 


10 


15 


22 


18 


8 


B 


10 


18 


25 


15 


16 


12 


C 


11 


10 


3 


8 


5 


9 


D 


6 


14 


10 


13 


13 


12 


E 


8 


12 


11 


7 


13 


10 



EQUIPMENT PLANNING 




You need to buy an equipment 






Age at Price Age of 
Purchase (k) macliine 


Resale 
(k) 


Maintenance 
(k) 


40 

1 31 1 

2 20 2 

3 11 3 

4 


28 
18 
10 

4 


3 
4 
6 
9 


Determine what age of machine should be purchased and when 
it sliould be replaced. 



1 



2 3 Age at Purchase 



(40) (31) (20) (11) 



< 4 



(28) 
(18) 
(10) 
(4) 



12 








22 


13 






30 


21 


10 




36 


27 


16 


7 



Ownership cost 
1 
2 
3 
4 



1 



1 (3) 

2 (4) 

3 (6) 

4 (9) 
2 



1 



3 








7 


4 






13 


10 


6 




7,7, 


19 


15 


9 



Maintenance cost 



15 








14.5 


17 






14.3 


15.5 


16 




14.5 


15.3 


15.5 


16 



Comparing Productivity 

Two equipment A & B are being considered for aggregate 
production. (1kg of aggregate to be sold for $0.25). 

Equipment A can produce 500,000 kg per year and costs $150,000 
to buy. It has an expected life of 10 years (assume 12 working hrs/day). 
Armual expenses amount to $100,000. Equipment A has a 
production rate of 250 kg/hr. 

Equipment B is highly automated and costs $240,000 and has an 
expected life of 12 years working a single 8hr shift/working day. 
Armual expenses for B amount to $90,000. B has a production rate of 
300 kg/lir. 

Assume 250 working days / year. 



Equipment A 

It requires 500,000/(250) = 2,000 hrs of productioii/year 

Operating life =10 years working 12 hrs day 
= 12(250) =3,000 hrs /yr. 

Life expected at the 2,000 hrs/year rate = 10(3,000)72,000 = 15 years 



Income = 500,000 (0.25) 

less expenses 

Profit 



$125,000 per year 
$100,000 
■ $25,000 



So you need to invest $150,000 to get $25,000 per year for 15 years 
i= 14.1% 



Equipment B 

It requires 500,000/(300) = 1,666 lirs of production/year 

Operating life =12 years working 8hrs day 
= 8 (250) = 2,000 hrs / yr. 

Life expected at the 1,666 hrs/year rate = 12(2,000)/1,666 = 15years 



Income = 500,000 (0.25) 


= $125,000 


less expenses 


= $ 90,000 


Profit 


= $ 35,000 



You need to invest $240,000 to get $35,000 per year for 15 years 

i = 12% 

Therefore. A is the best proposition. 



DECISION MAKING 



D.M. under Risk 





Boom 


Recession 


Buy a large-capacity machine 


200,000 


-180,000 


Buy a small-capacity machine 


100,000 


- 20,000 


Buy nothing 









This is highly dependent on the probability of having a recession, 
say it is 50/50 for this example 

For each alternative, calculate the Expected Monetary Value (EMV) 

EMV(l) = 0.5(200,000)- 0.5(180,000) =$10,000 
EMV (2) = 0.5(100,000) - 0.5 (20,000) = $40,000 

Select the option with the maximum (EMV) Buy the small one. 



Opportunity Loss 

we can achieve the same answer, if we create an opportunity loss table 
(how much will it cost me if I do not choose the best alternative) 



Buy a large-capacity machine 
Buy a small-capacity machine 
Buy nothing 

Opportunity Loss Table 



Boom Recession 

200,000 -180,000 

100,000 - 20,000 




Boom Recession 

Buy a large-capacity machine 200,000-200,000 0- (-180,000) 

Buy a small-capacity machine 200,000 - 100,000 - (-20,000) 

Buy nothing 200,000 - 0-0 



Buy a large-capacity machine 
Buy a small-capacity machine 
Buy nothing 



Boom 


Recession 





180,000 


100,000 


20,000 


200,000 






Probabilitv 



0.5 



0.5 



Expected Opportunity Loss (large) = 0.5(0) + 0.5(180,000) = $90,000 
EOL (small)= 0.5(100,000)+ 0.5(20,000)= $60,000 
EOL (nothing) = 0.5(200,000) + 0.5(0) = $100,000 



Using the Minimum Opportunity Loss as my decision criterion, then 
Go for buying the small equipment. The same answer as obtained 
earlier using Maximum EMV. 



Suppose you can be sure of the market status (boom/recession), if 
you conduct a market analysis 

This will give you a perfect answer, however it will cost you 

How much You are ready to spend to get this perfect answer? 

The following two terms will help you make the right decision 

The Expected value with Prefect information (EP) = 

S (best outcome for boom/recess.)* (probability of its occurrence) 

& 

The Expected Value of Prefect Information (EVPI) 

EVPI = EP - Max. EMV 



Buy a large-capacity machine 
Buy a small-capacity machine 
Buy nothing 

Maximum EMV = $40,000 

The best outcome '"Boom" 

The best outcome for "Recession" 



Boom 


Recession 


200,000 


-180,000 


100,000 


- 20,000 









$200,000 



The expected value with perfect information (EP)= 

(200,000)(0.5) + (0) (0.5) = $100,000 
EVPI = 100,000 - 40,000 = $60,000 = Minimum EOL 
So Do not pay more than 60,000 for the PERFECT information 



D.M. under Uncertainty 

When the probability of occurrence can be assessed. 

Max. EMV or Min. EOL can be used, but what happens if you camiot 

assess the outcome probability. 

In our example, we assumed 50/50 chance... What happens if we have 
no clue about the situation? This is Uncertainty. 

Because I have no clue, I can be a gambler (optimistic) "max. profif' 
or conservative (pessimistic) "min. loss". 



Buy a large-capacity machine 
Buy a small-capacity machine 
Buy notliing 



Boom 

200,000 

100,000 




Recession 

-180.000 

- 20,000 





Or You can simply go for the highest average outcome 
Average! ! ! (sound like 50/50 again). 



Buy a large-capacity machine 
Buy a small-capacity macliine 
Buy nothing 



Boom 

200,000 

100,000 





Or finally, go for the Expected opportunity Loss 

Boom 
Buy a large-capacity macliine 

Buy a small-capacity machine 100,000 

Buy nothing 200,000 



Recession Av./2 

-180,000 10 k 
- 20,000 




40 k 





Recession 
180,000 
20,000 




Max. 
180k 
100k 

200k 



Go for the alternative that minimises the maximum EOL 



Replacement Strategy 

A set of 100 lamps is used to give warning of a series of roadworks. 
Each lamp is powered by a battery which is expected to fail sometime 
during a period of 3 months. Replacement of of failed batteries may 
take place only at the end of the month (to replace each failed battery 
it costs $10. 

You may choose to replace the whole set for $600 (whether failed 
or not). The following table gives data relating to tlie survival of 
the batteries: 



Month of Use 
Probability of failure 
during tliis month 



1 

0.2 



2 
0.5 



3 
0.3 




Failure per month 20 



Failure per 


month 20 


54 51 


43 


Cumulative failures 20 


74 125 


168 


End of 


Cumulative 


Group replacement 


Total cost 


month 


cost ($) 


Cost ($) 














1 


200 






2 


740 






3 


1250 






4 


1680 







Profit 



Servicing Strategy 

B 




Machine is idle 



Operating time / cycle Service i 



First cycle 



No. of 
hours 

OD Slope = 

' ' average hourly profit (s) 

Loosing efficiency as the equipment operates means that the 
rate at which it generates profit declines. It is essential to service 
the equipment periodically to restore its maximum efficiency. 



Example: 

The gross profit P ($) has been expressed as a function of no. of 
hours the equipment has operated since it was last serviced X 

2 

P = 280X -1.2X 

The cost of service is $860, and the idle time is 3.5 hours. 
Determine how frequently the macliine should be serviced, to 
the nearest hour, and the average hourly profit that accrues from 
use of the machine. 

2 

Net profit = 280 X - 1.2 X - 860 
First cycle takes X + 3.5 hours 

2 

So S = (280 X - 1.2 X - 860) / (X + 3.5) 
By differentiating and equating to zero 



(X + 3.5)(280-2.4X) - (280X - 1.2 X - 860) (1) = 

orl.2X^+8.4X - 1480 = 

X = 36hrs S =$194 per hour 

Note that if the service cost drops say from $860 to $620 
then 



X = 33hrs 



S = $ 200 per hour 



As the service cost gets reduced, it becomes economical to 
service the machine more frequently and thereby secure higher 
average efficiency. 



Example (please try) 

A contracting organisation is going to purchase one of three types of real estate. 
The organisation must decide among, an apartment building, an office building, 
and a warehouse. The future states of nature that will determine how much 
profit the organisation will make are good economic conditions and poor 
economic conditions. The profits that will result from each decision in the event 
of each state of nature are shown in the following table: 



Decision (purchase) 


Good Economic conditions 


Poor economic conditions 


Apartment building 


$50,000 


$30,000 


Office building 


$100,000 


- $40,000 


Warehouse 


$30,000 


$10,000 



Determine the best decision using two (2) different methods, assuming 
probabilities that good or poor economic conditions will occur in the future are 
0.6 and 0.4, respectively. 
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COST MANAGEMENT 



Dr Rodney Stewart 



COST FUNDAMENTALS 



Production Cost 

A combination of Factors of Production 

Calculating cost on tlie basis of combining tliese factors. 

Fixed, Variable and Semi-variable Costs 

Equipment 

Fixed costs tend to be unaffected by the amount of work 
Variable costs incurred in proportion to the amount of work 
Semi-variable costs "difficult to be predetermined with 
precision"'. 



ESTIMATING 



The purpose: 



1. used for planning & forecasting to assist in the economic 
and financial assessment of the investment 

2. control estimates exercised during design to ensure that 
the economic assessment remain valid as the design 

progresses. 

3. tendering estimates enable the contractor to prepare a bid 



In estimating "forecasting'" the total cost "statistical data" 



COST PLANNING 

There are 4 basic trends which are invaluable in economy forecasting 

1. The arithmetic trend "directly proportional" Y = a + bx 

2. The semilogarithmetic trend "exponential curve" 

3. The logaritlunic trend "data plotted on log-log paper. 

4. The S curve "statistical data corresponding to cumulative normal 

distribution". 

Slow start, picking up to a gradually increasing 
rate and finally tapering off to a steady level. 
Used mainly in Cash Flow forecasting. 



Method of Least Squares 

Fitting of a curve to a set of collected data by means of minimising 
the sum of the squares of tlie distances from the fitted line to the points. 

Example: 

A fleet of vehicles have been run for different distances during 

the 1 St year of operation, you are required to establish a ratio of the total 

depreciation in tlieir value to tlie distance run. 


Dep. ($) 


Y 


6000 


6100 


7000 


6000 


7800 


6800 


8000 


Mileage run 


X 


6 


8 


8.8 


9.6 


10.4 


12.8 


12.8 


Dep. ($) 


Y 


7400 


8600 


7400 


8800 


10000 






Mileage run 


X 


14 


16 


17.2 


9.6 


10.4 







Dep. ($) f Y 



Miles / year 



X 
Y = mx + b where m is the slope 

It is now required to get (b) and (m) for a line which gives the best fit. 

Values of m and b are calculated so as to minimise the deviations 

Deviation: the diff. bet\veen the y-value of the line and the y-value 
for the point (original point) for a particular value of x. 

m = n S XY - ( S X) (£ Y) b = £ X (S Y) - ( £ X) (S XY ) 

2 2 2 2 

n £ X - ( £ X) n £ X - ( £ X) 



Break-even Analysis 

'> $ sales/cost 




Profit 



Profit 



Total cost 



Sales/ 
turnover 



V. cost 



F. Cost 



% of Productive capacity 




Turnover ($) 



Example (please try) 

A contractor bases his estimate on an annual output of 16,000 Cm 
of concrete (100% productivity). He assumes that concrete will be 
sold for $50.0/ Cm. So liis turnover = $800,000 / year 

Fixed cost = $ 135.000 (hiring or buying the plant) 

Variable cost = $533,000 (labour, material, etc.) if 100% capacity. 

(a) What is the profit per year? Per Cm? 

(b) What happens if the contractor produces 10,000 Cm/year ? 



A contractor bases his estimate on an annual output of 16,000 Cm 
of concrete (100% productivity). He assumes that concrete will be 
sold for $50.0/ Cm. So liis turnover = $800,000 / year 

Fixed cost = $ 135.000 (hiring or buying the plant) 

Variable cost = $533,000 (labour, material, etc.) if 100% capacity. 

The contractor can make a profit of = 800,000 - 135,000 - 533,000 

= $132,000/ year 

What happens if the contractor produces 10,000 Cm/year ? 

Income from sales = 500,000 

less fixed cost = 500, 000 - 135,000 = 365,000 

less variable cost = 365,000 - 533,000 (10/16) = $31,875 

The profit falls from an expected $8.25/Cm to $3.20 



EXAMPLE: 

A material supplier company produces 18,000 items per year when working at 60% of 
the factory's capacity. Each item is sold for $10. The costs involved in the manufacture 
at this rate of production are as follows: 



Materials 


$35,000 


Wages 


$60,000 


Fixed overhead costs 


$25,000 


Variable overhead costs 


$15,000 



Note: Variable overhead is constantly proportionate to the number of items produced. 

A contractor places an order with the company for 12,000 additional items at the 
reduced price of $8.75 each (i.e. now 100% production). Due to the additional quantity 
of materials that are required, a 5.0% discount on previous prices is obtained but only 
for the additional work. However, the additional labour tliat is required has to be drawn 
fiom a reservoir of unlxained labour. As a result, the overall efficiency of labour in 
production throughout the factory falls by 10% on all production. 

(a) Illustrate the variation in profit between the prior and new situation. 

(b) Which is the best option, based on percentage profit? 



SOLUTION: 

Situation A 

Cost = 35,0000 + 60,000 + 25,000 + 15,000 = $135,000 

Earnings = 18,000 x 10 = $180,000 

Profit = $45,000 

Per cent profit = 45,000/135,000 x 100 = 33.3 % 

Situation B 

Cost = [35,000 + (12000/18000 x 35,000) /1 .05] + [(60.000 

60,000 X 12/18) X 1.1] + 25,000 + 15,000(30/18) = $217,222 

Earnings = $180,000 + 12,000 x 8.75 = $285,000 

Profit = 285,000 - 239,222 = $67,778 

Per cent profit = 67.778/217.222 = 31.2% 

Based on percentage profit, the first option is the best. 



THE COSTING PROCESS 

It is the process which results in the estabhslunent of the cost of 
carrying out an operation (workpackage. the whole project) 

Costing vs. Accounting (Book-keeping) 

Accounting is recording data in such a way that cost can be readily 

identifiable. It gives little info, upon which management can take action. 



Site Account for Contract B4297 



Materials 


24 k 


Wages 


30 k 


Plant 


20 k 


Overheads 


7k 


Profit 


8k 


Total 


89 k 



Cost 
Profit 



Cost Account 

Excav. Piling Concrete Total 





6k 
12 
1 

18 
-1 



10 k 
5k 
6 

2 
26 

3 



14 k 
19 k 

2 

4 

45 

6 



24 k 
30 k 
20 

7 



Why do we need Costing? 

1. To provide iiifo. that enables periodic statement of profit/loss to be 
drawn up for each project at regular intervals of time. 

2. To liiglilight activities (in trouble) 

3 . To provide cost data on which management can act 

4. To enable estimators to get feedback infonnation. 

5. To provide info, regarding "others" eg. equipment/subcontractors 

CONTRACT COSTING 

A system of costing which is used in the industry. A separate contract 
account is allocated to each contract. A number of sub-accounts can 
be created. 



OVERHEADS 






A fixed budget is one that takes no 


account of varying 


rates 


of production "of limited value only". 




A flexible budget is such that certain elements of tlie budgets are 


estabhshed for different levels and/or rates of production. 


Example 


Standard 


Flexible 


Monthly turnover ($) 


100,000 


110,000 


Output 


(100%) 


(110%) 


Overheads: 






Supervisory staff 


10,000 


10,000 


Office staff 


2,000 


2800 


Office expenses 


700 


740 


Printing 


150 


180 


TOTAL 


12,850 


13,720 



COST MANAGEMENT 

Actual Cost vs. Estimate for corresponding work 

The earned value analysis integrates cost, schedule and work performed 
by ascribing monetary values to each (eg. Microplanner tutorial). 

The difference between the forecast final cost and the estimated cost 
is called the Variance. 

Any noted variance must be analysed. 



Example: 

A contractor is 52 weeks into a 76-week project which is 
on schedule. To date he has spent $85,000 on labour. 
The estimate for the total cost of labour for the project was 
$98,500. Find the forecast final cost. Assume that 
all other conditions are the same now as when project started. 



Example: A contractor is 52 weeks into a 76-week project which is 
on schedule. To date he has spent $85,000 on labour. 
The estimate for the total cost of labour for the project was 
$98,500. Find tlie forecast final cost. Assume tliat 
all other conditions are the same now as when project started. 

%age of work completed = (52/76) * (100) = 68.4% 

Forecast final cost = 85,000+ 85,000(100-68.4)7 68.4 = 

$85,000+ $39,269 = $124,269 

Variance = $25,769 

The contractor now has a chance to malce changes in the remaining 
work to reduce the variance. 



Network-based Model 

There are 2 methods whereby cost control can be applied through 
net\vorks. These are: 

1. Rigidly tied costs 

Costs are distributed over the various network activities. 



©- 



20,000 



^ 3,000 _ 7,000 _ 10,000 



2. Semirigidly tied cost "cost is related to a time span covering a 
number of activities'". 



20,000 

• -o 

2 weeks 



Week 1 $5,000. Week 2 $15,000 



5K 



6K 



18K 



Example: 

A 100% complete 
B 50% complete 
C 60% complete 



Project cost to date = 5.000 + 0.6 (6.000) + 0.5 (18.000) = $17,600 



The Significance of Cash Flows 



The owner wants to minimise total investment (interest charges) 
The contractor wants to minimise the working capital needed. 

Availability of Working Capital is VITAL. 



DESIGN COSTS 

The more detailed design that is undertalcen. the more definitive 
becomes the estimate. 

There is a need to implement a cost control process to meet 
the following objectives: 

1 . Acliievement of the owner' s financial budget in relation to the 
design and construction costs resulting from the investment. 

2. Acliievement of the owner's objective to have a facility which 
will have the capacity that was specified at the appraisal stage. 

3. Getting some indication of the physical progress of the work 
in relation to the plans and schedules. 

During the design stage, every opportunity must be taken to keep 
the cost of the designed facility to a minimum. 



Example (please try): 

The total length of a proposed bridge is 740 m. The total weight of 
structural steel in the superstructure for each span can be found 
using this formula 2 

W = 150 L + 900 L 

L is the lengtli of each span in (m), W is the weight in kg 

If the steel in the superstructure costs $400 per 1000 kg including 
fabrication & erection, and tlie total cost of one pier is $400,000 

Find the best practical length of each span to acliieve minimum cost 
(assuming equal length). 



Solution: 




No. of spans Length (m) Superstructure ($) 


Piers ($) Total 


5 
6 

7 


148.0 6,837,600 
123.3 5,742,400 
105.7 4,960,114 


2,400,000 9,237.600 
2,800,000 8,542,400 
3,200,000 8,160,114 


$ ' 


Icost of superstructure 


cost of piers 




5 6 7 8 9 


No. of spans 



Expenditure forecasting 










The owner needs to have an 


indication of the phasing of the 


payments that will have to be made. 








Activities 






Months 








1 


2 


3 


4 


5 


6 7 


A 


100 


100 










B 




90 


50 


200 






C 






100 


80 


80 


80 


D 










90 


110 


E 












60 20 


Total 


100 


190 


150 


280 


170 


250 20 


Cumulative 


100 


290 


440 


720 


890 


1140 1160 



Owner's optimum construction programme 



Cost of 
acceleratijig 



increase in construction cost 
\for reduction in contract programme 



max. savmg 




reduction in total capital cost 
due to reduced / 



normal 



the cost of accelerating the programme balances 
savings in interest payments 



Time 



Project Budgetary Control 
Revised Budget = Original estimated budget + Project variance 


End of 

month 


Budgeted 
value of 
work to be 
completed 

1 


Budget 
value of 
work 
completed 

2 


Budget 
value of 
work to 
completion 

3 


Total 
budget of 

work as 
planned 

4=1+3 


Actual 
cost of 
work 
completed 

5 


Revised Revised 
cost total 
estimate estimated 
of work cost 

6 7=5+6 


1 


10,000 


8,000 


90,000 


100,000 


9,000 


93,000 


102,000 


2 


25,000 


18,000 


77,000 


102,000 


25,000 


81,000 


106,000 


3 


50,000 


45,000 


56,000 


106.000 


47,000 


67,000 


114,000 


Variance is $2,000 at the end month 1, $6,000 at end of montli 2, 



Network analysis as a basis for cost control 

When a total cost for a project is estabhshed, it must be established on 
the basis that a programme has been drawn up for the time performance 
of the work involved. 



Activity cost $ 

time-cost 
trade-off 



Uniform cost over 
this range of durations 



Duration 

A No further reduction in duration 

B Optimum cost may be over a range of resource combinations 



Cost caimot be controlled in isolation; tliere is a need to control it 
with a control of time. 



Cost 



It is sometimes wrongly 
assumed that whenever 
the actual expenditure 
curve keeps below 
the budget curve for 
value, the cost of the 
work is being controlled 
effectively. 



Budget curve for 
value of work done 




Time 



There are two (2) scenarios: 

1. the work may have been completed more cheaply than budgeted. 

2. not as much work has been completed as was plaimed for this period 



Early start 
Late start 
Actual cost 




value of 
work done 



Time 



If the progress of work at estimated cost is to be maintained in 
accordance with the targets set by the budget and the net\¥ork 
analysis, then the curve of 'value' must pass between the envelope. 



Risk for an owner 

Risk and cost are directly proportional one to the other. In general, the 
greater the risk that exists, the greater the premium that must be paid 
to insure against it and the greater the possibility that larger costs will 
be incurred than were originally foreseen and not anticipated. 

The Owner's Role 

Requirements 

Funds 

General Organisation (approach) 

Risk sharing 

types of risks: (as far as cost is concerned) 

Price, inflation, work nature, delays, industrial relations, weather, lack 
of funds, and many more. 



Example: 

Three estimates of the annual operating cost of a proposed new plant 
are given together with the associated probability that any one of them 
will be acliieved. (all costs are in $000). The costs are $1000, $1100 
and $1200 liaving probabilities of 0.3, 0.5 and 0.2, respectively. 

Annual revenue is estimated to be $4400, $4500, $4600 or $4700 
having probabilities of 0.1, 0.3, 0.4 and 0.2. respectively. 

In estimating the capital cost, the project manager believes that there 
is a 0.3 probability of it being $14,000, a 0.6 probability of it being 
$15,000 and 0.1 prob. of it being $16,000 

The three lives and tlieir associated probabilities are five years and 0.4, 
six years and 0.3 and seven years with a probability of 0.3. 
Assess the risk in making this investment.. 
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For each one of the four variables we need to assign a probability 


distribution, (random numbers say 00- 


99) Selected numbers 


are 


13,25, 62,9,37,91,80, 






Random 


Ann. operat. Aim. rev. Capital 


Project life Net ami. 


Rate 


No. 


cost cost 


(years) Rev. 


of 
return 


13 


1000 4500 14,000 


5 3500 


il% 


25 


1000 4500 14,000 


5 3500 


12% 


62 


1100 4600 15,000 


6 3500 


13 


09 


1000 4400 14,000 


5 3400 


14 


37 


1100 4500 15.000 


5 3400 


15 


91 


1200 4700 16,000 


7 3500 


16 


80 


1200 4700 15,000 


7 3500 
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Frequency 



I 



Say 100 samples 



Expected rate 
of return 



Q 



Rate of Return % 

The term Expected is used with reference to the most probable value 

of frequency or probability distribution. 

It is the value of the variable that has tlie greatest probability of 

occurring. 



Example (pi 


ease try): 








A company is reviewing its investment 


pohcy 


It has t\vo $10,000 


investment in Projects categorised A. 


A $20,000 and $30,000 


investments in Projects categorised B. 


A $30,000 investment 


in Project C. 


All projects are 


considered to have a life of 10 years. 


Project A 


Yield % p.a 


Probabilitv 


Cumulative Prob. 




-5 


0.5 




0.5 




10 


0.5 




1.0 


Project B 


2 


0.1 




0.1 




5 


0.4 




0.5 




8 


0.3 




0.8 




12 


0.2 




1.0 


Project C 


5 


0.2 




0.2 




9 


0.4 




0.6 




12 


0.3 




0.9 




18 


0.1 




1.0 
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Simulate the total results from the five projects during the first 
five vears of their life. 





Project A 




Project B 


Project C 


Total 


Year 


R. No. Yield 


Profit 








1 


48 -5 


-1,000 








2 


36 -5 


-1,000 








3 


75 10 


2.000 








4 


66 10 


2,000 








5 


26 -5 


-1.000 









In a similar fashion to Project A, assess the other 4 projects 
and get the total for each year. 



The S-curve is valuable for the purpose of estimating the amount of 
working capital required for a project. 

Hammock Activity "overheads + supervision" 

It starts and finishes at the events which mark the span of the activities 
to wliich the indirect costs refer. 

A lump sum uniformly spread over the duration (rate per day) 




Linear approximation 



Time 



Pattern of expenditure for workpackage 
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COST MANAGEMENT 

CONTRACTORS 
PERSPECTIVE 

Dr Rodney Stewart 



The Contractor's Perspective 

Working Capital 

is the requirement for Cash to finance work from day-to-day 

Essentially, it is the difference between expenditure and receipts 

Cash 

Materials (raw or incorporated in work in progress ) 

Current accounts receivable 

Working Capital is required for: 

short-term commitments: salaries and wages, buying materials, 

repair of equipment. 

Accurate and detailed consideration of Working Capital can be of 

particular concern. 



Work can be formed, only if funds are available. 

The timing of cash inflow and cash outflow is critical 

There will be a time lag between being committed to 
making a payment and actually making it. 

There is also a time lag between the entitlement to receive cash 
and actually receiving it. 

Such time lags have a considerable effect on the financial status 
of the organisation. 

Cash has to be available when payments to creditors fall due. 

Lack of available funds precludes a company from procuring 
new jobs. 



Example: To distinguish between cash flow differences, this 

contractor builds residential units for $60,000 and sells them 

for $80,000. Investigate a number of different credit arrangements 



Credit Arrangement 



Build 10 for cash & 
sell 10 for cash 



Build 10 on credit & 
sell 10 for cash 



Build 10 for cash & 
sell 10 for credit 



Funds req. 
from outside 



$600,000 



Funds available 
at the end 



,000 



$200,000 



Example: Assume that the turnover for the current year is $ 1,000,000. 

Speculate on fluctuations (detailed changes) within this year? 

The principle is to calculate/estimate the cash receipts together with 
the payments which are outstanding. 

Assume that clients are allowed 8 weeks' credit. This means that 
at any one time, an average of (8/52) * 1,000,000 = $154,000 
owed to the company by the chents. 

As the company delivers to the client, a debtor is created. 

A debtor is discharged when he client pays for the work (goods). 

In addition to debtors, the firm may pay insurance, tax, rent, etc. 
in advance "pre-pay ments". assume $6,000 



Stock: raw materials and work-in-progress; 

assume 35% of the turnover is in raw materials and 

8 weeks' consumption needs to be in hand at any one time. 

So 0.35 (1,000,000) (8/52) = $54,000 

Work-in-progress (all that work carried out but for which the 
owner has as yet not reimbursed the contractor) 

is estimated by 6 weeks' turnover 
(6/52) (1,000,000) = $115,000 

The total firm's capital "tied-up" = 115+54+ 6 + 154 = $329,000 

Creditors: the company owes money to suppliers and must pay 

say the company is allowed an average of 10 weeks. 

Creditors will be owed (10/52) (1,000,000) =$192,000 



Debtors $ 154,000 

Prepayments $ 6,000 

Raw materials $ 54,000 The contractor actually paid 

Work in progress $ 1 15,000 this amount of money to carry 

Total $329,000 out the work. 



Deduct 

Creditors 
Accruals (bills) 
Total 



$ 192,000 

$ 10,000 The contractor has to pay this 

$ 202,000 money. 



Working capital required in this accounting period = 
329,000-202,000= $127,000 

The length of time over which credit is allowed and received can 
cause wide fluctuations in the requirement for Working Capital. 



In the event that sufficient cash is not available as and when required, 
then: 

1 . Finance can be obtained from external sources 

2. reduce work-in-progress 

3 . speed-up claims for payments as work is completed. 



420 

450 

360 

60 



Month end 





1 


2 


3 


4 


Cumulative cost (1) 





48 


160 


270 


355 


Cum. value (contract) 





52 


172 


290 


382 


Cum. paid (3) 








49 


160 


275 


Working Capital 





48 


111 


110 


80 


(1-3) 












Cum. retention 








- 


12 


15 



22 



cum. cost curve 




cum payment 



Monthly payment 
curve 



Working capital 
requirements 



-^ Duration 



Profit and profitability 

Profit is what is left from what is received as a result of carrying out 
the work after paying all the charges that arise out of a project. 

Profit/loss gives no measure of the productivity or efficiency of 
operations. 

Profitability is a rate of making profit in relation to a company's 

investment tliat is required to carry out the work. 

Factors to determine profitability: 

1. Investment 

2. Profit (amount), and 

3. Project duration. 



A contractor makes $5,000 profit on one contract and $6000 on a 
second. Contract 1 and 2 require an investment of $10,000 and $8,000 
respectively. If the contracts have different duration say 1 year and 
18 months respectively, compare the profitability. 

INVESTMENT 

It is the use of a cumulative S-curve of actual cost against which is 
plotted the income curve in a stepped form. 

Total investment required to finance a project over its duration is 
represented by the area between the curves. 

Each project must make a contribution towards the indirect cost, 
(office overheads for example). 



Turnover = Fixed cost + Variable cost + Profit 

15,000 

B.E. point 



Simple tools to measure $ 
profit 

Profit 



100% output has a turnover 
of $100,000 

fixed costs at this 100% output 
amount to $10,000 




10,000 

Profit/volume chart 



Variable costs amount to $75,000 

XA" = 10/15 leads to a break-even point at 33.33% 



Contract 
1 

2 
3 
4 

5 


Value completed ($) Contribution to date ($) 
240,000 28,000 
120,000 10,000 
100,000 3,000 
340,000 25,000 
90.000 - 6.000 


Total 
Fixed c 

15 
Profit 


17 

F.C. 
45 


osts 


890,000 60,0( 
for the period concerned amount to $45,00 


)0 


E 


94 36 46 ^^ ^^^ 




.,--2 R "^^^ A (240,000 & -17,000) turnover 


^ 


y/k ^^^ B (360.000 &- 7,000) 
^^^^^ C (460.000 & -4,000) 

^^ D (800,000 & 21,000) 
F, f890.000 & 1 5.0001 


($10,000s) 



Example: 

The managing director requires an annual return of 17% on tlie 

$20,000,000 capital employed in the company. 

Of this capital, $13,000,000 is invested in fixed assets and the 

remainder is available as working capital to finance all contracts in 

progress. 

In the coming year, it is estimated that the turnover on contracts will 

be $40,000,000. 

What percentage must be added to contract costs for the year of mark-up 

if the company's overheads are expected to amount to $1,600,000? 

Solution: 

The work on contracts must contribute $1,600,000 for the company's 
overheads PLUS 17% on the $20,000,000 for the return required. 

Tliis makes a total of $5,000,000 = 71.4% of the working capital 



It is necessary, therefore, to aim at an average annual return on 
investment of nearly 72% to meet the target. 

As a percentage of tlie turnover, the contribution amounts to 
5,000,000/40,000,000 = 12.5% 

You need to add 12.5% to contracts in order to generate the required 
contribution. 

Note: Management should be concerned with 

1. Minimising the area between the S -curve of actual cost and the 
curve of payments received (delay outgoing payment for example) 

2. Every contract must make an average contribution to the 
company's overheads. 



Return on a construction project 






1 


2 


3 


4 


5 


End of 


Expenditure 


Revenue 


Net cash 


Cum. net cash 


month 


($l,OOOs) 


($1,000) 


flow 


flow ($1,000) 


1 


40 





-40 


-40 


2 


45 


75 


30 


-10 


3 


78 


72 


- 6 


-16 


4 


95 


81 


-14 


-30 


5 


120 


108 


-12 


-42 


6 


162 


160 


- 2 


-44 


11 





65 


65 


72 


Totals 


720 


792 


72 





The question now is how does the contractor finance the project? 


(1) the contractor's equity / shareholder's funds or 

(2) borrowing (interest charges) 




1 

End of 
month 


2 
Net cash 
flow 


3 
Cum. net cash 
flow ($1,000) 


4 

Interest at 
1% month 


5 
Net cash 
flow 


1 
2 
3 
4 
5 
6 


-40 
30 
- 6 
-14 
-12 
- 2 


-40 
-10 
-16 
-30 
-42 
-44 


0.0 

-0.4 

-0.1 

-0.16 

-0.3 


-40.0 
29.6 
-6.10 
-14.16 
-12.30 


11 


72 




-2.76 


69.24 



ANNUAL BUDGET 
















1996 


(anticipated receipts $000) 




Contract 


J 


F 


M 


A 


D 


Totals 


A 


100 


250 


300 


400 


- 


2000 


B 


600 


600 


400 


200 


- 


3000 


C 


100 


100 


100 


150 


600 


3500 


Totals 


800 


950 


800 


750 


600 


8500 


Of the above totals 














(a) 


Direct costs 


= 6,970,000 


(82%) 






(b) 


Overheads 


= 680,000 


(8%) 






(c) 


Profit 




= 850,000 


(10%) 




Company financial budget: 


The total value of work to be carried out 


amounts to $8,500,000 











Price Changes 

The adjustment to the vahie of money and to cost/price data generally 

is best carried out by the use of an INDEX. 

There are 2 approaches to the development of a cost/price index 

1 . A simple model that uses historical prices for 

a unit quantity of a well-defined product, (easy to understand). 
(an average price for a cubic metre of excavation). 

2. This approach requires a supply of data and reflects the relative 
quantities of resources that are required to produce a unit. 

(production: factors such as labour, plant, transportation,etc.) 

At the time of tendering, a contractor has no alternative but to use the 
current price levels for the resources. Some may, however, add an 
allowance for future clianging levels of prices. 



Example: 

A contractor estimates the cost of a project to be $100,000 at current 
prices. The contractor adds a profit margin of 15% on which he 
expects to pay tax at a rate of 50%. 

If inflation is rumiing at 1% per month and the owner fully 
compensates the contractor for price increases due to inflation but 
delays payment until 1 month after certification, what is the 
contractor's true profit margin after tax? 



Solution: let P = profit, C = estimated cost 
So, profit margin (m) = P / C 



assuming (t) is tax rate then, 

Profit (P) = (1+m) C - C 

If inflation was zero, 

then Effective Profit margin -■ 



Profit (less tax) = (1+m) C - C - tmC 
= (1+0.15) - 1 - 0.5(0.15) = 7.5% 



If the owner fully compensates the contractor for an inflation rate 
of 1% per month, tlie contractor's profit after tax becomes: 



(1+0.15) - 1 -0.5(0.15) 



6.36 % 



(l+O.OI) 

VARIANCES AND STANDARD COSTS 

Making arrangements to collect project cost data is one thing, 
processing this data into information is quite another. 

It is necessary to have some form of standard against wliich the 
actual cost can be measured. 



Any departure from the set standard in practice is known as a 
Variance Favourable variance (savings) 



Standard costs 

Predetemiined costs of material, labour and overheads wliich 
are budgeted to be spent in the production of a unit in the 
immediate future. 

A variance between the standard and the actual cost can only occur if: 

(1) more or less resources are used to achieve the required output. 

(2) more or less money has to be paid for the anticipated resources. 

What we are looking for? QUANTITY OF RESOURCES & PRICES 

ADVANTAGES OF THIS SYSTEM: 

It enables the variances to be calculated and analysed in monetary terms, 
this leads to the exposure of inefficiencies. 



Material Variances: 
Example: 

At the time of tendering, 13.29 toimes of mild steel reinforcing bar 
were required. The average cost of the various sizes of bar, by 
quotation, came to $440 per tonne delivered to site. 
The weight included the company's usual allowances for wastage. 

When the reinforcement had been cut, bent and fixed in position, 
a check of the stock showed that 13.97 tonnes had been used for 
this work and that the actual weighted average cost of the material 
came to $432 per torme. 

Standard price = $440/tomie Standard quantity = 13.29 tomies 

Standard cost = 13.29 (440) = $5847.60 

Actual price = $432/torme Actual quantity = 13.97 tomies 

Actual cost = 13.97 (432) = $6035.05 

Material cost variance = 5847.6 - 6035.05 = $187.45 (unfavourable) 



Labour Variances: 

Example: 

The all-in rate for carpenters is calculated at $15/hour. A work study 
establishes that the carpenters should take 520 hours to do tlie job. 
In fact it took them 502 hours and their actual rate is calculated at 
$15.50/hour. Calculate the relevant labour variance(s). 

Labour rate variance = 502 (15.0-15.5) = $251 (unfavourable) 

Labour efficiency variance = 15.0 (520-502) = $270 (favourable) 

Labour cost variance = 270 - 251 = $19 (favourable) 

OR 

Labour cost variance = 15(520) - 15.5 (502) = 19 (favourable) 



Overhead Variances: 

Example: 

The overhead budget for a project contams $120,000 for fixed costs 
and $48,000 for variable costs. The contract has been based on a 
duration of 280 working days. 

In reviewing the work at tlie outset it was assessed tliat one self- 
contained section of the project should be allowed 170 working days 
for completion. In fact it took 181 days and an overhead of $115,000 
was incurred. 
Calculate tlie overhead variances for the section of tlie project completec 

Solution: 

Section budget for fixed costs = 120,000 (170/280) = $72,857 
Sectionbudgetforvariable costs = 48,000(170/280) = $29,143 
Total overhead budget cost for section = $ 102, 000 



Standard days are allowed for section = 170 days 
Standard fixed overhead/day = $72,857/170 = $428.57 
Standard variable overhead/day = $29,143 /170 = $171.43 
Standard total overhead/day = $600.00 

Standard overhead for section = 170 (600) = $102,000 



Actual duration taken = 
Actual overhead incurred -■ 



181 days 
$115,000 



Overhead variance = 102,000 - 115,000 



$13,000 (unfavourable. 



This overhead variance may be analysed into three sub-variances: 
(1) Overhead efficiency variance = standard cost of standard units - 

standard cost of actual nits 

Overhead efficiency variance = 600(170-181)= $6600 (unfavour.) 



(2) Overhead cost variance = budgeted overhead for actual units 

worked - actual overhead incurred 

Overhead cost variance = 103.886 - 115,000 = $ 11,114 (unfavoured.) 

(3) The overhead volume variance = standard cost of actual units - 

flexible budget for actual units 

Flexible overhead for actual duration taken = 

72,857+181(171.43)= $103,886 

Overhead volume variance = 181 (600) - 103.886= $4,714 (favourable) 

Ifyouadd(l), (2)and(3) 

- 6,600 - 11,114 + 4,714 = $13000 (overhead variance) 



Overhead Variances: 

Variable overheads cost vary directly with the rate of production 

Fixed overheads cost do not vary with the rate of production 
Unclianged wlietlier work is progressing or not (eg. site offices) 

The overhead budget lias two components: 

(1) fixed component (fairly spread over over a period of time) 

(2) variable (flexible) component (needs to be changed in relation 

to varying levels of activity. 

The idea is to differentiate between tlie budgeted (standard) and actual 
expenditure. 



Going back to the example: 

Based on our estimation that it will take 170 days to complete the 
section, then the overhead cost associated with this section has 
t\vo parts: 

Parti $72,857 (fixed) = $428.57/day (its share in the contract). 

Part 2 $29,143 (variable) = $171.43/day 

Total overhead budget for the section (standard) = 

72,857 + 29,143 = $102,000 

Therefore, overhead variance = 102,000 - 115,000 = $13,000 (unfav.) 



This overhead variance can be analysed as follows: 

Overhead efficiency variance: 

How efficient was the contractor in carrying out the work? 

It took him 1 1 days longer than anticipated, then 

Overhead efficiency variance =11 (600) = $6600 (unfavourable) 

Overhead cost variance: 

regardless of how long it took to complete the section, $72,857 is 

incurred as fixed cost, then tlie budget for the section = 

72,857 + 181(171.43) =$103,886 or 

102,000+11(171,43) =$103,886 

Overhead cost variance = 103.886 - 115,000 = $11,114 (unfavour.) 
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Finally, the overhead volume variance represents the difference 
between the budgeted and actual output In the budget if I had 
worked 181 days, I would have simply paid 181 (600) = $108,600 

but budgeted payment for actual work was only $ 103 ,886 
So overhead volume variance is favourable $4,714 

In summary, my budget implies overhead cost = $600 /day 

(1) 1 worked 1 1 days more to finish the job therefore my 
overhead efficiency factor is 11(600) = $6600 (unfavourable) 

(2) 1 actually paid $1 15,000 for what 1 should have paid 

(not just according to the budget, but according to the actual duration) 

102,000 + 11(171.43) = $103,886 
cost efficiency factor is 103,886 - 1 15,000 = $11,114 (unfavourable) 

(3) According to my budget 1 should have paid 181(600) = $108,600 
but the budgeted payment for actual work = $103,886 

overhead volume variance is favourable $4,714 (favourable) 





Efficiency variance 

h — — — H 






Standard cost of actual units = $108,600 




Standard cost of standard 
units = $102,000 




Vol.var 




* * 




Budget for actual units worked 
= $103,886 


Cost variance 








Actual overhead incurred = $115,000 








Overhead variance 
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REVISION LECTURE 



Dr Rodney Stewart 



Construction Resource Planning 
Revision 

Topics Covered : 

1. Networks: 

•PDM NeUvorks (ES. EF, LS, LF. FF, TF) 

•Activity on Arrow Net\vorks 

•SS, FS, FF relationships 

•PERT networks 

•Resource Levelling 

•Crashing Networks 

2. Line of Balance - Know equations 

3. Queuing Theory - Know equations 

4. Simulation - ie. random numbers etc. 

5. Stock Control - Know equations 

6. Resource Allocation - Matrix reduction 



Topics Covered (cont.): 

7. Equipment Planning 

8. Decision-making under uncertainty (opportunity -loss 
tables, EMV, EVPI) 

9. Cost Planning (Turnover, BEP, Profit, overheads etc.) 

10. Cost Planning - Contractors perspective 

• Variance 

• Price changes 

• Working Capital 



NETWORKS 



Activity on Arrow (Please Try) 




Forward pass 
Backward pass 



Activity on 


Arrow 


Rules for Calculating Float 




— -0 — - 

15 17 
^^,^ LF 


3 11 
ES "^--..__^^ 


TF = 17 — 
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FF = 15 — 
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Precedence Diagram Method (PPM) 
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8 


17 
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FF 
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16 


19 


19 
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Backward Pass 
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Precedence Diagram Method (PPM) 
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PERT NETWORKS 

Why do we need PERT? 
Deterministic vs. Probabilistic duration 
Variability in estimating duration or 
Probability of meeting the target 

PERT allows for 

Optimistic 

Most likely and 

Pessimistic values 
to be considered in predicting the overall time 



Start 




5 Activity Duration 
Continuous Probability Distribution 

Expected time ^ ^~ I ^^ ^^^ ^p ^ 

Standard Deviation S ~(tj^"t„) / 6 
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Steps for PERT 

1 . Estimate to, tm, tp for each activity (given values) 

2. Compute te for each activity (use te equation) 

3. Calculate standard deviation for each activity 

S = ( tp - to ) / 6 

4. Calculate variance for each activity 

V = s*s 

5. Determine ES, EF, LS, LF, TF, FF 

6. Determine Te (Critical Path) = E te along C.P. 

7. What is the confidence in calculated Te 

V (te) = E V for critical activi ties on ly 
and project standard deviation S (te) = V V(te) 

8. Use probability tables to compute your chance in 

meeting the target duration 











RESOURCE HANDLING 
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In practice, there might be too many options. 

It all depends on your perspective and priorities. 

Once you compared supply to demand, investigate ways of 

levelling/smoothing the demand profile 

• Use of free float on activities demanding that resource 

• Use of total float 

• Use of flexible resources to stretch activity duration 

• Extend the project total time (last resort, if no penalty is involved) 

The ideal histogram is that with as few changes in level as possible 
Remove tlie peaJis and Raise the valleys 




MULTIPLE RESOURCES 
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CRASHING NETWORKS 

The objective of each stage in crashing a schedule is to work 
on one (or more) activities to produce a feasible shorter schedule 
for the minimum increased direct cost per unit . 

$5000 
o t 
Steps: 



1. List all activities on the critical path 

2. Select the activity with potential 
(time savings for least cost: low slope) 

3. Determine new critical path(s) if any 

4. Re-evaluate the network 

5. Repeat the above for another activity. 




$3200 



cost slope= $300/day 



LINE OF BALANCE (LOB) 

LOB is a graphic technique used to : 

• Plan the production of repetitive operations. 

• Examine the implications of using given resource 
configurations for such operations. 

Applications: 

Repetitive construction work (over and over) 
(multi-storey building, pipelines, road construction) 

Conditions: 

Direct control on repetitive activities 

Aim: 

Provide regular/balanced delivery of the product 
based upon continuous use of resources. 



The first step is to prepare your logic diagram 

then, estimate the resource units (eg manhours) to complete each 

activity. Using the above, determine actual production rate 

Constract: 106 units 

5 working days@ 7hr/day = 35hrs/week 

Target Rate R = 8 units per we 



Manhours 
req'd 



20' 

2 
2 

5 



Gan: 
size 



Theoretiaal gang 
size for Rate R 



S*20/35 = 4.6, 
8*2/35 =0.46 
8*2/35 =0.46 
8*5/35 =1.14 



^ctual rate of output 
tiits/week) 



lX6Z4.6)*8 =10.5 
(2/0.46)*8 = 35 
(3/0.46)*8 = 52.5 
(4/1.14)*8 = 28 



The second step is to determine time required to complete 1 unit 

and the elapse time per activity (the start of last unit - the start of 1st) 
Using tliese values, represent each activity graphically 

7 Hours per day 




10.5 

35 

52.5 

28 



20/(3*7) = 0.95 
'2/(2V7) =0.14 
2/(3=^7) =0.10 
5/(4*7) =0.18 



(105*5)/10.5 = 50 
(105*5y35 = 15 
(105*5y52.5 = 10 
(105*5)/28 = 19 



Manhours required' //\ \5 Days per weeks 

round them off to multiple 0.5 days ^ 

^ ^ ^ (106-1) 

Theoretical Gang Size 



Units 



2days buffer 
50 



1.5 days buffer 106/8 = 66.25 d 

55 66 66.5 

Project 
ends 



t.3 days 
51 ' 53 If 




(days) 



QUEUING EQUATIONS 

X mean arrival rate 

|j, mean rate of service (j, > X 

The Traffic Intensity p = X / [i 



Equations: 

The number of units in the system ; N 



10, - A, 



(1) 



2 trucks arriving per lir 

3 trucks serviced per lir 

tlien N = 2/(3-2) = 2 tmcks in the system on the average 



The average time a unit spends in the system : T = 1 / { ^ ~X) (2) 

T= 1(3-2) = Ihr 

2 

The average number of units in the queue ; Nq = ^^> 

H(\i -X) 

Nq= 2*2/3(3-2) =1.33 trucks on average 

The average time a units spends in the queue Tq = ' * 

Tq= 2/3(3-2) =40 minutes 
The utilisation factor p = X / \l 67% of time server is busy 

Probability of having no trucks in the system = 33% 



Problem (Please Try): 

Material arrives at the average rate of five (5) 
loads per hour. The material is handled by 
a fork-lift truck which has an average 
rate of seven (7) loads per hour. 

Management requires to know: 

a) the average number of loads at the section waiting to be moved, 
when there is a queue 

b) the average length of time an arriving load spends waiting 
for service 

c) what the average service-rate must be in order to reduce the 
expected waiting time to 15 minutes for a load. 




SIMULATION 

When a system contains elements that exhibit chance m their 
beliaviour, the A Ion te Carlo method of simulation may be applied, 
"experimentation on the chance elements through random sampling" 

Simulating randomness 

Each digit has probability 16.6% of occurrence 

Establishing a probability distribution 
"historical data" 



Calls for your flatmate 
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4 
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Frequency (days) 


10 


20 


40 


60 


40 


30 


Prob. of occurrence % 


5 


10 


20 


30 


20 


10 



Example of Monte Carlo Simulation 

Concrete trucks arriving at a site requiring 20 concrete trucks 

It takes about 3 minutes to discharge a truck (2 trucks max. in a queue) 



rrival time intervals(min) 


2 


3 


4 


5 


6 


Frequency % 


10 


15 


30 


25 


20 


Interval of R. Number 


0-9 


10-24 


25-54 


55-79 


80-99 



Truck No. 


1 


2 


3 


4 




11 


12 


R.No. 


89 


29 


73 


50 




88 


2 


Arr. time 


6 


4 


5 


4 




6 


2 


Cum. time 


6 


10 


15 


23 




48 


50 



STOCK CONTROL DECISION 

How much to order? When to order? 

Costof the items Cost of ordering "delivery" Cost of holding 

Cost of safety stock Cost of stockouts 



Cost of ordering 


Cost of holding 


Processing Purchasing order 


Cost of capital 


Inspecting incoming material 


Insurance 


Bill paying 


Theft 


Utilities (phone biUs) 


Damage 


Purchasing dept. employees 


Warehouse employe 



How much to order? 

BASIC STOCK CONTROL MODEL Stock level 
Q Order Quantity ^ 

EOQ Economic Order Quantity 



Total cost = ordering cost + holding cost 






Annual ordering cost = cd/Q 
Annual holding cost = (ip) Q/2 



2cd 



Cost 



Time 




Total cost 
Ordering 



hold 



EOQ Quantity 



Example (please try) 



Annual demand is 40.000 units. ordering cost = $15 per order 

holding cost is $3 per unit per year 

If there are 160 working days per year, find the daily demand 
and the optimal number of days bet\veen orders? 



Solution 


d = 40,000 c 


= $15 


ip = 


= $3 




So optimal Q =632 units 












' \/ 


2cd 
ip 








Optimal no 


of orders per years 


= 40,000/632 = 


63.3 = 64 




Daily demand = 40,000 / 160 




= 


250 units 




Optimal no 


of days betiveen orders = 


160/64 = 


2.5 working 


days 
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STOCK LEVEL AS A FUNCTION OF TIME 



Stock level 
Production 




No production 



Time 



t (length of production run) 

• The batch will not arrive all at once but is built up at uniform rate. 

• Stock refers to products. 

• As soon as stock runs out, the producer immediately embarks on 
production of new batch. While production of this batch is still 
going on, items made earher can be sold. 

• We will have a set-up cost (cost for setting-up production). 



Therefore, 




total produced - total used = rt - 


dt= (r-d)t 




= (r-d)(Q/r) 




= Q(l - d/r) 


Annual holding costs = 0.5 Q (1 - 


d/r) (ip) (2) 


Remember - these equations are different 


Production Run Model 


Basic Stock Control Model 






Q = . / 2cd 

\/ ip (1-d/r) 


Q = , / 2cd 
\/ ip 


d selling rate 




r production rate 





MATRIX REDUCTION 



What do we need is an a method that can provide us with efficient 
means of finding the OPTIMAL solution without having to malce 
a direct comparison of every option. 

(1) Create a matrix of opportunity cost. 

Subtract the smallest no. in each row of the original cost matrix 
from every number in that row, and THEN 

Subtract the smallest number in each column of matrix obtained 
from every number in that column. 
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Tl 


T2 


T3 


ADAMS 


$11 


$14 


$6 


BROWN 


$8 


$10 


$11 


COOPER 


$9 


$12 


$7 




Tl 


T2 


T3 


ADAMS 


5 


8 





BROWN 





2 


3 


COOPER 


2 


5 







Tl 


T2 


T3 


ADAMS 


5 


6 





BROWN 








3 


COOPER 


2 


3 






(2) Connect "zeros"' either vertically or horizontally and tlien compare 
the no. of lines (N), we are after the minimum number of straight 
hues needed to cover ALL "zeros". 
If (N) = number of rows/columns Optimal solution 



Tl 

5 



T2 
6 



ADAMS 
BROWN 
COOPER 



(3) Subtract the smallest number "'not covered" from EVERY other 
uncovered number and then add the same number to the intersection 
of any 2 hues even if it was (0). 

Tl T2 T3 

ADAMS 3 4 

BROWN 5 

COOPER 1 



You can have an optimal solution by Maximising efficiency 

Example (Please Try): 

The only difference is tliat you need to convert the matrix first 
into a minimising opportunity cost table and then proceed with 
the previous tliree steps as before. 





Tl 


ADAMS 


20 


BROWN 


60 


COOPER 


80 


DAVIS 


65 




Tl 


ADAMS 


80 


BROWN 


40 


COOPER 


20 


DAVIS 


35 



T2 

60 

30 

100 

80 

T2 
40 
70 

20 



T3 
50 
80 
90 

75 

T3 
50 
20 
10 

25 



T4 

55 
75 
80 
70 

T4 
45 

25 
20 
30 
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EQUIPMENT PLANNING 



You need to buy an equipment 



Vge at 


Price 


Age of 


Resale 


Maintenance 


'urchase 


(k) 


machine 


(k) 


(k) 





40 








1 


31 


1 


28 


3 


2 


20 


2 


18 


4 


3 


11 


3 


10 


6 






4 


4 


9 



Detennine what age of machine should be purchased and when 
it should be replaced. 



DECISION MAKING 



D.M. under Risk 

Buy a large-capacity machine 
Buy a small-capacity machine 
Buy nothing 



Boom 


Recession 


200,000 

100,000 




-180,000 

- 20,000 





This is higlily dependent on tlie probability of having a recession, 
say it is 50/50 for this example 

• Expected Monetary Value (EMV) 

• Select the option with the maximum (EMV) 

• Opportunity Loss Table 

• Expected Opportunity Loss 

• EVPI = EP - Max. EMV (EP = expected value with 
perfect information) 



COST FUNDAMENTALS 

Production Cost 

A combination of Factors of Production 

Calculating cost on the basis of combining these factors. 

Fixed, Variable and Semi-variable Costs 

Equipment 

Fixed costs tend to be unaffected by tlie amount of work 
Variable costs incurred in proportion to the amount of work 
Semi-variable costs "difficult to be predetennined with 
precision". 
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Break-even Analysis 

'> $ sales/cost 




Profit 



Total cost 



Sales/ 
turnover 



V. cost 



F. Cost 



% of Productive capacity 



Profit 




Turnover ($) 



The Contractor's Perspective 

Working Capital 

is the requirement for Cash to finance work from day-to-day 

Essentially, it is the difference between expenditure and receipts 

Cash 

Materials (raw or incorporated in work in progress ) 

Current accounts receivable 

Working Capital is required for: 

short-tenn commitments: salaries and wages, buying materials, 

repair of equipment. 

Variance: Material, overhead, staff etc. 



Thankyou 



Exam 

study All Tutorials and Final Exams 
Good Luck 

Subject Evaluation 

Please fill out a subject evaluation 
All recommendations appreciated 



14 



7056EMG 

Resource Planning and Management 



Reodiiigs 
Tcnics 1-9 On cxder) 



,k|/j, Griffith 



Dr Rodney StBwart 



i'i 





Lockyei, K and Goidon, J (1996) Project Management and Project Network Techniques, 6^^ 

Edition, Pitman Publishing, pp„ 21-34. 



a: 

LU 

H 

a 
< 

X 

o 



O 


O 




CL 



O 3 

X ■»-' 

B B 

8 o 

y ">^ 

o .2 

(-1 "^ 

60 - 

^ en 

~ £ 

OJ o 

•a p- 

c "i 



o 



« " c 

■<-> £1) tu 

Si, ■= 5 

2 O (U 






ui u. -^ ir 



4J "^ 

^ £ 

G.i 

_r *" 

C — 

c« £ 

g£ 
u 

cr "° 

■£ o 

3 

<u <u 
£ <u 

*" c 

o >> 



£ c 



u 


:^ 


x: 


;-( 




O 


i 


^ 




iD 


o 


£ 


&0 




<U 




l-( 


O- 






o 


-^ 




1) 


to 




c 


£ 


£ 




c 


r; 






3 VI 

Cm IU 

4J ~ 

!:3 > 

O s 

u. cd 



O 2 

T3 _ 

< -3 



> - 



n Ml 

to ■■— 

o £ 



TO 3 
X o 

G g 

O .sZ 



D 
O 



§- 
^ o 

■^ o 

S 



CO 

H 

a 

UJ 

O 

z 
o 
o 

O ^5 



B £ 
o 



^ 


o 




«. 


r) 




z 


■i-i 


« 


z 

< 




C 


J 


ca 


O 




c 
c 


O 
1) 


o 


Vl 


■a 


m 




s 


z 


■a 





flj •-■ 

^ O 

O C3 

— O 

<0 Vi 

§ B 

« u 

"i "^ 

fa g 

H c 

CO — 

c --• 

O 3 

■" n tzi 

£ - £ 

r w) u 

h <u (u 

B x: -^t 

u. 3 
O 

x: 

" r- ^ 

£ -C C 

w o ca 

c x; ' 

^ '^ c 
o 



!:3 



O 



c3 ^ (U 



3 >^ 

3 <D 

C ?5 



o 



> .£ 

(D 3 

CO u 

2 I 

■O " 

=^ ^ 

SCO 
£ 

° o 

5 r; 

2 « 



^ 
^ 






o .5 

=« o 
o 



ca 3 



00 *- 

la ^ 

u 

u ta 



ca ■£ 





o 
o 


« 


3 


u 


M 


c2 




^4— P 


— 


n 






c 


T3 


o 


ca 


■1-' 


£ 


ca 



o « - 



<U 3 
3 ^ 



3 

1 ^ 

w 3 
en O 

Ui — 
3 
O 
CJ 

til— 
O 



^1 £ 

o ? 

■ W u ■ 

■o E 

O TO 

i3 r: 



3 

o .. 
u 3; 






• • 



O 



V3 



>i 3 

CO 



ca 3 

s TO 

O 3 

> - 

UJ CO 

J— V3 

■*- 1 (jj 



CO (U u 
3. 
X 



TO 1> 
<1J "3 



a 



ao ^ 

'" I 
W) o 

§ S 

Q. 50 

O 3 
O — 

o u 

TO Xt 



^ 
^ 



3 ^ 

TO O 

'^ ^ 

*-" cS 

TO c 

fc- 3 

(^ X! 

o 



2 o 
*-■ sz 

IT! C^ 

■o a 

■i-j TO 

3 O 



™ CL 

TO O 

O t- 

o Cl- 

TO TO 

.S ^ 

J3 TO 



^^ ^ tZ Vi 
^— -*-* c ^* 



il 

i-t -^ 

CI4 r; 



cii 3 
^ 8 

CO 



TO 

O 

3 



ca *^ 
> o 

■— dJ 

x: tx, 
50 . 



3 
O 

a —• 

to cd 

<" - 

t- 3 

T3 'S. 



x: 
o 

TO 



o " 

o 

■o — 



TO C 

■a > 



to .2 



■C CO 

OJ 3 

-Q £ 

— rt 

r3 <u 

^ E 

o " 

^ o 

in en 

c 

o 



— so -S _i in 

.0 ^ Xi ,r) 3 

"d. *i b. Q. E 

X c ^ ^ -i-i 

(u .3 O O J— • 

• • • • 



1— CO 

CO u 

dj .^ ^ 

5 CO ^ 

CO O 

3 



3 ^ 

.0 ii 



CO 3 



3 
<U U 

x; x: 



o 
n n -a 



o 
5. 

0) 



o 

z 

z 



Q. 
H 
O 
UJ 

O 

cc 

Q. 
u. 
O 

z 

UJ 

UJ 

_j 

Ui 






3 I 



^ Xi 

5 £ 

— ' r: 

5 o 

C t/) 

OJ 3 

■^ O 

c i: 

c ^ 



_2 Ul 

CO tX 

o x: 

3 ■O 

g « 
XI ^ 



(.2 <D 



_ ^ o 



3 ^ 



c5 1> 



a *^ tO 

S £ ^ 

^ o 



3 (/5 



D. 
o 
o 

t/5 (U 



O t) -o 



j; i^ ^ 

(U « ^ 

"S o ^ 

^ 3 "O 

£ - o 

■<-> Ti — C3 



C4_ t.„ t/5 JJ 

O O <U X 

"S <u >- > 

> M 3 rt 

(U cfl o C 



F? a o -g - 



3 ^ 

O 3 - 



C 

« rf « o 



o 

■ <D 



z « ^ :: 

^ I- >- — 

5 '^ <- ^ 

S >^.-^ g 

<^ ^ -2 « 

1^ ■< ™ (U 

J- « CO 

< crt en 

O W r- 

- <^ £ O 
3 -4-^ CC 

nl O <U 

- ■? "^ "^ 



— O 



— ^3 CS 3 



en ^3 

fcb"? 



3 O 









■o c. 



C5 '*-' 

c. ^ £ 






Cfl 



w 



OJ 



3 2 "^3 1^ i> • — 
Cl c u w- — 

X .£ 



ISO 


<L> 


c^ 


.E 


Ui 


(U 




D 


o 


•5 


■x: 


> 

■o 


y 


23 


K] 



S ^ '^ 

a> =^ £ 
5 O. r- 



C 3 
w O 



3^ rS ''^ 



w a 



1- k; .i: 



3 CL O 






£ ^ 5 5:i c r 



— O ^ 



KS 


■o 






V3 

4> 


> 


3 
3 




u* 


^ 




en 


cd 


w 


O 


.'5 

■1-1 


!U 


■o 


en 


1> 


crt 


S 


_,__, 


J= 




o 


3 



■ c - 



^' f l 



H S c o 



■3 3 

CA 3 

U _^ 

X o 

> <i^ 

X o^ 

O I- 

cd &. 



KJ .^ (U 

— ^ <1J '^ 
o = o ^ 

V3 rt n T^ 

o ■^>. o ^ 
ao -x « X 

C 

cti 



*-. X X 









O X 



tJ) ^ 



C3 C rt 
IJ U ^ 



"X 3 S 

^ i S 
I B = 

"^ 3 ^ 
,30=^ 
:S y ^ 

D =^ 

X 
1) •— 

a a 

o 






c« w c .ji; 



X 3 
X £ 



^ 



4J CB 

"X <U 



o 



■~ ^ ^ 



- S « 2 



O 

3 

£ - 
,0 



o 



O 

*r <u (u 
O sz ^ 



^ S CO 



3 X F= t: 3 5 






g t^ X 

S 4J O g 



O 
6 

(U 5P Ci u 

W X; 2 W (y 

8 ^ i p 2 



cc 



5 i 



3 X 

p 



X CI. 



■— 5 

X "^ 

o — 

U 3 

o 

D. 3 



L> "^ rt (^ 

o wj — ' 

p OJ ■■a 

X ,. . 



^ x: i2 3 



^ ^ <u 



3 aj 

X > 

x; aj 

o .£ 

r ^ 

r3 O 



r« '■*-' (__ r3 

^ £ o 52 

£ p en 

X ,, 3 in 

u. IJ 3 U 

o x o ^ 

3 3 t 1- 

O OJ ^ ^ 

'^ I fcX) o 

3 <L> "^ ^ 

X X 



g O 

3 ? 

CO o > ^ 

^ C X CC 



C3 ^ 

X — 

u < 

X en 



!= .^ ..£ 



" 5 



i cm ,x: 

£ £ ? 

3 ^ CQ 

X > 
en 

c/3 . -r; 

CJ 3 — 

'- il 3 



y p 



X (L> 



en 



X _ — ca 



i-c OJ 

^ 3 

£ ^ 

4. o 



3 O „ *- ell 3; 



£ ^ > .0 

O "O en _^ 
> 



O 

ex.. 

O -^ w, 
X )- ^4J 

3 ^ 
3 dj 

X 
cC 



X 



.0 
>t 

X 5 



_>!'*- O 



X •^-: 



en 

3 <U 

s 5 
^.£ 

o 3 



£ S 

o « "E 

th ^ cc 

en -r > 

en — ' i_ 

ii X ,0 

O « ^ 



V- 3 -r; 
P ? 



C. ^P 



p 
c.. 



O. 3 
in 






3 -O t^ ;3 
u '^ 



o i2 

S £ 

3 



•X 

■X x 



3 D ■— 

aj X r3 

c5 



^ C X 

r- 3 



X ^ > X 

U3 ^— 2 tn 

O "5 C ^ 

X -^ * en 

o <u u 

CJ 73 en en 

X O c fc. 

■^ 3 O JJ 

1> O t*- .3 

■o ■■;;; P - 



,p 3 






<u >i 



<u c 



> en 



X en t^ 

3 -•— > 

X 



> j::, kj c^ s-i .i, 

5 o P X r - 



P X 



1) 
X 
en 



> (D O p" 3: 



IJ X 



SO 

■p X 5 

> o H > 

O V3 . CX) 

" c £ -p;; 

> ~ 3 



3 en O 3 cc 



o P 

X ii 

GO 5 
3 en 

i i 



£ 



p X " 



.X 



i-" c/> cc 

a - --^ 

& = -3 

X n ?^ 

.3 c := 



■^ o 



cc X 



5 O 



X ■'7' 



CC .31 ^ — ' dJ *- ■!- J:d 






2 o^B 

en d> X 

O 



5 ^ = 



CC 
i-l 
ID 
>• 01 



;^ ^ i^ 



(U ^ 



en .5 (U ,X 



X 3 '" 

W cc 



SI 



P -id r — 

X..3 3 X ,^ i -^ 



3 

— P £ 

i ^ " X 

S £ £ ^ 



■- cc 

en 7:; 

X lU 
cc 



3 _>! 

4J 3 

X CC 

>. 3 

X <U 

C aj 

P X 



x 
u 
OJ X 



u X P 



eo 



d o 

+-. .X 

CJ en 

& X 



r: ^ ^ 3 



£; H 
o 

.X 3 

- O 

^ 3 

O u 

£ £ 



o 

3 

cr 



o 
B 

o 
5 

"5) 



2, 
o 

3 



■13 
CO 



I B 
£ p 
£ >^ 



P 
p 

X 

<D 






e— I u 

o o 



bO 



X « 
" 3 



^ £ 

P en 

3 cc 

■^ w 

U — ^ _ 

.X o = — 

- £ S X 

£ ?= ti £ 

O 3 5J en 

o ;.:; 3 3 



^ ,— cc en 

3 O U 

en — ' — 

O U 

-i_i en ^ X 



!/3 ™. 



X 



bO 


3 


P 


1- 
en 






H 




r3 
tn 


S2 


X 




3 


^ 


-0 
X 


to 



^^ 


S 


E 







c3 


cj 


en 
3 




f: 


CJ 


f— 1 


P 


>! 




> 


3 




-W 


Z 






in 


r-* 


CC 


"u 





H 


D 


u 








un 


1- 


OJ 


X 


X 


X 


rr 



p 
en 3 



o 

a 
o 



o 
■a 
« 

bC ^ 

e: fl 



o ^ 

3; = 



V} 



a 



O S 

o 



U. en 



cC 


3 


>-. ~ 


» 


X 


,■3 


bO 




C ej 




en 


3 -M 






•hi 2 


^^ 


s_ 


I- s 


3 


(U 


u 


"* 


bO 


a. ,w 


_3 


cC 


ci: 


X 


3 


^ 



cd « 

X 

'^ 1- 

en X 

C C 

P 3 

" 3 

O <u 

-1- "O 

en "O 



> lu O 

^2 P 

■■- 3 5 



1 (U " 



3; lU 
3 .X 



Cl X 

cj o 

o '^ 

" 3 



> _ 



o 
a 
a. 
p 



3 

£ 4J 

i £ 



(U 



X P P 

CD cC en 

3 .X o 

C3 ..— , O 

X S ^" 

O. ^ 



o "" 



O _^ ^ t+J 3 _ 



X c 

3 O 

cC O 

^ i^-i 

^ P 

^ >, 

(D .X 

3 cC 

P 3 

>^ Cl 

■^ CS 

3 C 

I- u 

1- u 

(D <U 

> > 

P P 



P O 



X i=: 



> 
o 

X -^ QJ 



o 

• (.„ 
3 ^ 

<- U 
(D (D 



O X? — 



'•J o 



00 ~ o 



^ X -o 



O tX 
— cc 
u ^ 

c. ^ 
£ tJu 

^ — 

X X 

CC 

<D 3 

X .-^ 



M .-^ .3 



^ 2 



-t 3 ..S2 

.« E ' 

"-' "O 

o w o 

- I — 

<D e™ cC 

C CC tn 

:t — ' eo 

cC CT 3 

e_ '^ (D 

^ £.x 



.2 ^. 

<D X 

" X 

£ a 

.— • cc 



p :2 



"X -^ 



X o 
^ ,^ 

<^ s 

(D > 

0. C3 
X o 



o > 
>. en 

3 'P 
cC ■-; 

2P X 

,3 P 
^ cc 

cc 

■- o 

B§ 

3 — 
e„ <^ 
P tn 

en s> 
O ID 



en 
P 

> x 

cc 3 



X X 

(D 3 

D 



^ 3 

e^ 3 

p t: 

(U P 

S Cl. 

— <u 

-^ X 

(U r-' 

CC D 

*- X 

CC <u 

^ u 

cj P 

<D 



■£ ^ 
■o 9 



cc 

<-' .£ 
CO ''■'- 

3 <D 
— £ 

'3?..£ 
■3 c. 



cc O 

> 

bO 



cc P 



CJ bO 

X 3 



3 X 



en X 

3 X 

H .2? 

— o 



X a -^ « 



>^ en iJ v- -^ 

X - g U ^ 

.3 -g o X p 

> X >? 

O ^ 3 '=3 - 

'^ p! 3 '£ - 

- S ^ u X 

^ H ci >^ g 

S 3 =^ ^ o 

" « = 



O -3 J 



=3 r- 



.i^ O 



o ^ 



CO ^ 
3 ? 



h p s :: 3 i ^ 



3 3 dj 

^ y £ 



>. 3: 



— ' ti X fe X X 3 

-3 eo >-^ :S ^ CC 3 



-3 o 
(D X 



CC ■■" — 



— 3 



X P 

o ^ 

•_ aj 

&- c 



•^ ■"" X 

£ I J 



X (U 3 
O O t) 
X .X o 



5- C 

,0 (u 



3 O 

X ^ 

O en 

X JB 



,_. en 



.0 ^ 

— -3 

en _2 

(D ^ 



P <U 

3 3 

i O 

O ^ 

X X 



C 3 



X ,0 



i ^ 

<D 



(D 3 " 

>^ £ 



5 ^ 
3 3 
i= p 

si) 

<D 3 

3 O 
(^ :— 
bO X 
<D 7i 



5 w i* 



>> w <D 

£ 
a 



X S2 

D 

£ ^ 

■" OJ 

eh« OJ _ 

PCX 

g I S 



^ 3 

^ £ 
^ en 
=^ O 

X 



p 
c, 

c 



bO ZZ 
3 



^ £ = & '^ o £ 



cc >, 3 u. 






3 ^ 

c. cr 

o W 



.X (D 

■3 .,„ en 



— OJ 

iD X 

,X en 

O o 



O <D 

e+^ 3 
,^ CC 



3 P 
X. P 

a ,^ 

O cc 



CC flj 

o 



CJ 

ID 

bO 3 



u 

X OJ 

g ^ -£ 

OJ 3 O 



P -^ 'bO 

I— cc .— 

X 3 U 

3 = S 



en X 



'J ^ X ^ C, 



w X 



<u iJ 



P P e^ ii i; 
5j — ' P r -3 



OJ ■ — 3 'J X .-i^ 



iio ^ 

3 3 



^ P ,.' e„ ^ X .1^ P 3 P 



_ ^ X 3 ^ O 






^ o 



^ p " ^ 



.2 S 

en Cl 



GJ 

G 

OJ 
CD ,- 

n X 



o 



■3 ?: 
>i cc 



>> 3 

t: p 



P 3 - OJ h < 



X p 3 P 5J ^ 

3 X ■*- « "S « 



CJ 

> 

o 

X 

cc cc X 

OJ — bO 






X X 



o o 



O X 



^■5) 



■k^ r- en 
en .3 

8 5 



hi - 3 >, 



^53^ 



,^ -a -^ 

« 1> c» 

rt 4J CTJ 

— c — 

Si >. y 

z; fc- o 

o 5 ^ 

en ? W 

_. '— -C» 

= I 1 

^ ^S 

M ™ , ,, 

■'-" ''^ ~ 

C JJ 'I 

.^ — J «] 

o " p; 

a p r; 



.^ 



* ^ 



3 
O 

d ^ 



o 



o ^ 

- a 



OJ CJ 

a. 9 

x: 






JS «s 



1- u 

a cd 



CO O -J 

o 
.2 o =^ 



:3 — 



<u r: 
C. = 

E > 

■■;: o 

Urn 

*S o 



t- (L> ^ o 
D, £ O ^ 

«^ " ■= D. 

^ ,r: 3 « 
"It; S O « 

*^ t:^ ^ - 
cu Jg >, r: 

^ 1^ = 
,^ = [f S o 

1 2 ^ 'S i 

S3 03 o ^™ 
^ o § 



w > r; 



S o « 

■- O -rl 

a t- ^ 

1 a, 3 

3 _ ca 

o -o ^ 



i3 ._ tn 

O «i ^ ^-^ 

^ Ij w 

60 -C ^ 



c« ^« *J r- 



5S o M 



i ^ 






r3 w o 

3 ,^ 

u o 

§2 



3 

« E 

a i_ 

o <u 

r; &0 

15 ^ 

3 — 

EG C 

U <D 

o 



^ — 3 a 
be (D 60 X t_ 

- ^ ^ <D ^ 



P0J2O-=3 33xr3 1^7^ 



i ^ 

£ 5 
2 o 

DO CQ 

O 3 

« t« 
CJ — 

&1 



o - 5 



£ - 



c - 






T3 4J 
0) 3 

c: o 

^^ 

^ (U 

E r-' 

£ Q 



S CQ .-z V) 

*j -^ "O 3 3 

t; <u 3 55 ,£ 

§5 £-0 ^ 

3 _ 1-t* CJ 3 

■■" '5 <u i ^ 

5 " ^ <^ 3 

C -*— ' ^^ '^^ "^ 

C r- 13 r^ > 






<u 



,3 C = i- S- 
fli O VI 

■ r: 3 3 






-c S ■= .= 



.3 i- ^ O 

*^ 7^ « w 2 

t: y *i « £ 

w S "^ "p 2 

C3 CS O "^ 



^ U 3 " 



O u 

I < 



CJ 

c 

OJ 

a 

CJ 

p 

2 

a- 

CJ o 

? -C* 

3 u, 

(D 

O -3 

3 o 



QJ U O 



o *- -^ 
" 2 w 



— rn r^ -* 



3 

.y o 

j3 "O 



« 



o o o 

*^ j:: w 

"= ■:; 25 

Ki 3 O 

« « £ 

CJ — on 

3 (-J '" 

ii >>" <D 

ti . > 

+-.*-. OJ 

U crt ^ 

K >>:£ 

o o 2 

£ =« = 



3 § S 

O ;- 60 

- o -^ 

a^ « 

o o -o 

^ & "^ 

° w o 

s = ^ 

u CJ 



3 s 



3 
CJ 

a 
a 

3 

> "3 
i^ 3 

I ^ 

•^ CO 

•^ o 

^ 15 

CJ ^ 

£ 3: 

5 cs 



J:^ C 



CJ t- 



^ 3; 



o .t; 

(D CJ ^ 

t- 3 — 

^ -^ on 

H ^ p 



^ 5 
fa 

a h 

„ <u <u 
,3 -1-* i: 3 

^4-^ V} .|_l «J 



CO 
UJ 

D 

o 

z 
z 
u 

UJ 

H 

o 

z 

z 
z 

3 

a 
1- 
o 

Lli 

o 

£1 

a 
o 

z 
o 

o 

a 
o 

cc 

1 ^ 



(0 

u 

u 



O U 

C3 C 

r? <t> 

O u 

3 

>i o 

3 CJ 

O =3 

CJ ^ 



60 

i ? 

£ ^ 
CJ ■:5 

3 GO 

■" -o 

CJ 'w 
3 Xi 

£,f 

4J O 

^ .£ 

"-* 3 
60 .iD 
3 u 

"z; 3 
a — 

£ ^ 



i =' 

3 £ 

CJ *j 

3 ca 

I 5 

3 V) 

CT' OJ 

CJ w 

o .^ 

CJ o 

^ r 

CJ — 

3 irt 

O rt 

DO 4J 

£ £ 

60 

OJ *^ 



60 -^ 

3 O 

S tn 

2 3 



CJ ir 

CJ H 

^ o 



60 

3 



CJ 

■o ^ 

^ a, 

a c 



2 3 
3 3 
C3 



o ^ .^ 



■^ ex 



3 rf 



cS ^ 



w CJ 

3 3 

£ :: 

2; 3 

J3 n 



a CJ 



<S 3 

TO (U 



o CI S 



3 
CT 
CJ 

u 
5: 

o 

c 

60 

c 






CJ 
3 3 
CJ *-• 

'^ -3 



I '^ 

CJ t^ 

^ CJ 

CJ 3 

£ o 



5 ^ 



£ 3 



CJ 

H 

CJ 

3 
DO --J 

CJ -^i 



>^ 3 

-O o 

"^ -5 

CJ g 

3 3 

CJ TD 

CJ OJ 

^ 3 

a ~ 

E: o 

to ^^ 

CJ 5 

la 2 



4J 



C3 ^ 



§1 

CJ --■ 

£ .£ - 

o ■- 

a c; L:- 

OJ , 

fc« CJ ;:- 

flj 3 -x 

■^ 3 ^■ 



CJ .3 — 

y 60 ^ 



m - 



>. DO 

ti 3 

> CJ 

■1-J .^ 

«g 

C ;3 
ta 1— 

3 " 
CJ o 

£ x: 

u! CJ 



Cl > ]± - 



tfl CJ 



Kj (« 3 

u — ^ 

> f^^ 

CJ 3 __ 

m '^ ~ 

*-. 3 ;r 

CC '— (J", 

.3 fc- — 

- O t: 

Vh r— 

u ^ E 

u. O ^ 

o ^ ^ 

^5 1 



:io 



3 

ti .£ 

3 



,- > cd 



^_r c 






<S rrt — — 



3 ^ 

£,,^ 

3 ^ 
3 3 



3 

K o 

£ N 
— t^ 
3 o 



K] C 



— ^ nj ■;: w ,i; 



■- 3 O 

O So ^ 

£ ^ 5^ 



■O .3 



3 « > S 3 ^ „ 



o >^ 



— 60 



H CI u a = Ji S ^ ii 



'^ " .3 

-3 " ^ 

« o — 

'vJ ' OJ 

s ^ ^ 

£ 3 o 

^ 3 ^ 

3 *-^^ 

ig cTj o 

o c: ^ 

C^ 3 jD 



.0 tj 

■3 1- 

■= .2 Z 



>- ^ £ 



t-3 3 
60 3 

■3 =3 

OJ 

£ 
o 

o 

3 



3 .^ 

OJ C 

o o 

CJ i2 



^ 73 

3 5: 

S H 

OJ t^ 



CJ 

DO "o r; 

o c b 

r- en (U 

g .^ ^ 

3 ^ -- 

g ^ o 



3 - 

o ii 

P 3 



•^ ^ s 

CJ ~ O 

- ° a 






?3 .i>i 



2 ^ 

C. 60 >-. 

D., ^ " 

3^ 3 3 

^ 3 '^ 

CJ c -t-. 

£ 3 en 



o 

cd -- > 






u p a 



5^-2 £,3 

^ CJ U, 

O 3 60 

CJ ■" .- 

o. o 



en -^ 



3 



w 5 3 

3: 3 == 

!:3 KJ CJ 

3 3"" 






3 
CJ 

.3 

3 



o 

a 

CJ 
, 3 
CJ — 



g 3 o 

_ t; til 
r3 3 « 

> CJ a 

3 ^.^ 

'd. 60 h- 

CJ 3 tn 

3 ;c 

c/5 > 



■^ £ 

CJ o. 



^3 
£ ,3 
tn ^ 

ca ^ 

3 (U 

CJ c 

£ '5 

CJ w 
60 3 
rt o 



(-I 3 f— I 

«.-. o . 

3 DO *" 

£ 5 k 

CJ £ a 

^ '^ ^, 

c3 .3 Si 

3 « ^ 

CS +- *^ 

^ =! 3 

3 £ ^ 

O e« '1 

Jd en 3 

^ en r- 

3 nl E 

,2?^ - 

^ tn _aj 

§ n ^ 

CJ rt en 



o u « 
-.33 

irt ■" iS 

^ ^ a 

3 CJ 1^ 

CO £ ^ 
o ^ -^ 

^. <U OJ 
3 > 



3 t; 

CJ 

w ,0 
a '■- 



<" 3 T-, 

5^ ^ 

C ert '^ 

- CJ CJ 
3 3 CJ 

- y DO 

> 3 B 



en J, <li 

<u « ■== 

■-- 3 '■^ 

■ ^ ^§* o 

^^ o t; 

B .3 C- 

■3 — en 

|i " 

P ,^ en 

at £ 

ex 3 « • 
C3 cS U 
OJ _'^ "^ 

O "^ G, ' 

c. g 3 
§■ « "^ 

o a^ 

■" CJ ^ 

£ ^ -° 

CJ G -O 

60 y 

CJ 3 Q . 

" "2 — 

CI « ? 

CJ ■" CJ 

3 il l- 
w O (U 

^ 60 -^ 

te 5 3' 

^ en 2 

£ .^1 
cs £" S 

TD ^ £? 

3 CJ O 

3 

O ---' 60 

CJ c— . C 
en 1—1 3 



UJ 

oc 

D 
H 

o 

I- 

(0 

z 
o 

Q 

< 

m 

CQ 

cc 
o 

UJ 

X 

1- 



iJO o 

^ G 

^ CJ 

^ ~ 

5 S 

^ -a 

r^ CJ 

C: > 

^ o 

e:: > 

=: 3 



CJ t/3 I i 

.3 >> > .0 

— ' a .3 3 

^ ^ "O en 

O > ■" r- 

CJ ■- ~ 



■^ CJ 

-it; " 



CJ CJ 



w 



en G 



CJ 



o ^ 



CJ CJ 

3 .ID 



o 

3 

o 

E 

CJ 



G :r 

■o ^ 

CJ _ 

en J^ 

<n CJ 

-O 3 

CJ ^ 

QJ 

CJ CJ 

3 3 

*- -a 

a s 

-^ CJ 

>v -Q r- CJ 

- o - t? 



o 

£ t 

G i2 

o o 

^ G 

^ £ 

^ o 

- o 

3 1- 

CJ O 



O "^ 

CJ 

i o* 

o o. 

■o <■- 

■^ o 

S:^ G, 
So 



e^ ° .2 

CJ >i 

^ w ^ 

-h- 73 en 

o « c 

^^ i E 

en 



CJ I CJ 3 

3 «^ ,3 - 

"^ -o 

60 CJ 

I- Ur 

en 3 '3 

■" t. -J 

3 a- 

en CJ 



CJ J, 

3 ^ 

— ' 3 

= S 

O C: 

en 

M CJ 
en 

U 



en 



OJ 



"^ P ^ 

3 
O 



o 

60 w 

2 ^ 

G tf) 

DO u 

3 CJ 



— CJ en 



■^ ,-, 

3 ^ 

3 CJ 

>> ^^ 

£) >^ 

ert Cd 

3 

O S2 

G ^ 



w "-^ &0 



CJ 



^ 15 i; 



G 

2 £ 
w O 
_ CJ 



O O 3 






3 O 

I CJ 

60 H 

3 . 

o ■- 

3 ^ 

CJ g 

CJ > 

DO O 



en .i; X, w 



O O 



en CJ 

Si o 

■5 ^ 

CJ "^ 



3 t: 

3 "£ 



^ ^ 



.3 :«■ 

^ £ 

2 2 

CJ 3 
en " 

^ O 

CJ 3 

3 "o 

O 

O CI. 

60^ 

.£ ■— 
"5 '■— 

3 o 

a = 

■o ^ 



3 cS 

O (u 

^ JS 

3 H 

^ CJ 

O T3 

en O 

-r-t CJ 



CJ 



'3 - 

£ o 

CJ o 

en i^ 



CJ ™, 

CJ dJ 

en >. 

CJ i^ 

3 S 

CI 5 

t_ o 

o — 

— u 

C ■" 

_j 4j 

■3 w 

3 o 

*^ ^ 

3 



— ' en 
CJ s 

>. 3 



CJ id 
u en 

i ^ 

DO H 



3 « 

CJ o 

60 5^ 

3 u 

3 Cu 

3 <U 

C3 -C 



£ 

"O — 

3 -" 

3 O 

Q O 

o '> 

CJ o 

£ ci 

G T3 

CJ £ 

*-' -o 

o « 

■*-' 3 

^ cd 



- \! ■£ -^ 






3 ? 



.- cd 
efl 3 

CJ '^3 

il 

CJ 3 

Cd ■*- 
CJ -O 

3 3 
O cd 



3 3 

3 cd 

CJ 5 

DO 8 

3 ;S 

,>i 3 



■i-i Cd 



C« CJ 

3 ^ 
60 o 



w O 



:: £ 3 



— * "O 

--^ 3 



CJ 

■o 

3 a 



O CJ 

£ £ 



</i 



^ ^ 3 ~ - 

"■^ C CG ^-_ r^ 



o 

ijQ 



:d 

en id 

— > ert 

2 5 

cd j=; 



cd w 

CJ B 

1 ^ 

O G 

^CJ 

O ~ 

— 2 

S 3; 

*-> 3 

CJ CJ 

3 ^ 

CJ c 

2 £ 

3 u 

en .,« 

3 CJ 

■~ 3 

— j^ 

CJ en 

3 ^ 

.£ 3; 



^ o 

CJ r- 

1-, T3 

■3 CJ 

3 i^ 

a- 3 

CJ -3 

O" 

cd 



CJ 
G 



-^ UJ 

s ^ 

3 if; 



3 c 

CJ CJ 



CJ .■:i 






o 

-3 

H 



OJ 

"cj CJ 



3 S 
O" CJ 

"O .!^ 
CJ jj 

CJ 



Q- - 3 "3 

£3^3 



O 
CJ 

o ^ 

■^ CJ 

o 5 

■" CJ 

cd 60 

ti O 



~ .i2 



4—3 1- (U 



3 k. 
CJ O <^ 



3 CJ 

,^ 1- 

CJ 



a r: 



"^ C— 

2 o 
> 3 

CJ 3 

cd J3 

3 w 
*- en 



>, Cd 

> == 

3 "O 

2 "o 

^ cd CJ 

'^ "i *^ CJ Id 

5 £ 



o y 

DO ~ 

.£ "^ 

-5 3 

3 '"* 

■— en 

O ^ 

3 en 

3 3 



= ^ 





er 


CJ 


CJ 


en 


G 





o 

Q. 

E 

o 

o 

> 

u 

re 



g 



a. 

0) 

o: 

CO 



<U O S 

Q O S 

■■3 ■'-' .2 

^ " a 

"*■ a ,c 

■ - "« "^ 

"2 C ^ 






5 >. ii 



2 .y .rf 



.- O - 
?= = S 
E — 



c/; -JO) 









c 
o 



C O c 



^ ^ 







.2 









c 









O O c 



^ ^ 



O 



u 

a 

B 

o 
o 



If 



o - 

c .^*■ 

..S2 c 

^ a 

1 s 

E ^ 

o r-- 

o 00 

3 3 

o o 



^ o 



^ ^ 



'— CQ 

o t:: 
3 P 

o .3 



o w 

o ,5 

'^ tc 

« r- 

i- "^ 

-O j:: 

£ o 

o .^ 

O " 

3 t) 



u 


3 


a 


u 


VI 








d) 


1— il 


^ 


11; 


M 


a 










jr 


ft 


H 


'■0 





OQ 



U 



Uj 



CD 



_ 



O 



c 

0) 

CO 
Q) 

a 

V 
EC 

tT) 



^ 1 



2 t 
5) I 




) I 



O 



iz 



^ y 



^ o 






^ 3 

■3 3 
S^. 3 




5 


.5 





a> 


a 


r; 


h 


p 




2 






c/) 


3 


<*- 


t.„ 





■c 





'■n 


TO 


CJ 


<:> 


j: 


^ 


\~, 


u 


c3 


V* 


^ 


;« 


rt 


re 


t> 





u 


^ 





t 





C/l 


7. 




3 


< 


tT 


s 



u 



t/) VJ eft 

.^ ^ ^ 

(J lU (U 

<L> OJ CL> 

^ ^ 5: 

"Tf \0 VO 



< C3 U 
>P >^ >. 

> > > 

O O CJ 

< < < 



> 00' 



O 00 -Q 

'I y ii -o 



to ' 

= E 

■■- o 

3 o 






:i? ^ 



^ - 



o 



M 






3 >:• o ^ 

> „ CO rt 

^ 3 m bo 

« J3 >, 3 

^ ^ '^ ■« 



^ 3 
3 

^ 3 

^_' U 

S (U 

o O 



M f) U 



'-' K^ '-' 

ca £; a 

U O O Q^ 

■^ fe "> -^ 

C u- 3: 

O 3 - H 

1> ^ S ^ 

c "t^ ^ ■■" 

■o ? "^ o 

S <^ 5 

fU '*- — 



E 3 



> ^ 



3 

-^ C 
3 O 
^ "O 

i: *- t, 
■o o cc 

;- ^- " 

■e := s 
£ o « 

>^ sS 
> - H 

r; OJ O 

3 



tj_ .3 0) 



O ? — 






o ^ 

3 -O 
W 3 

1) 






so z: ;^ 



^ u iJ 
a -5 



a 

o. U ° 



tA 



to 



o ia o 






7= 5 






D. O 

3 ^ 

t: o 



« 



rt cS dJ 

- .^ 

t) tft r- 

■^ <l> E 

« > p 

cx si 3 



1 

E 

D 
C 

5 


-^ 


~^ 


' 




■ 1 "T 


■ — ' 




t 


CO 


















r^ 
















( 


(D 
















\ 


IT) 






^^ 




























{ 


co 
















\ 


CM 
















\ 


;: 






J 










\ 







^^ 












■ 


O) 


















CO 


















r- 


















<D 


















in 


















■* 


^~ 
















tn 
















■ 


cvt 


















- 


















ffl / 

E / 
i- / 

/- 


^ 


CQ 













■ 



c 

3 
CT 

{ft 

V 

u 

t- 
H 
CM 



? - 



35 ^ ii: 



5 = 






=JCf - 






"5 








b. 




« 


.23 


J3 


,r^ 


'' 


-^-J 


s 


^ 






crt 




?: 


T3 




lU 


2 


en 




3 


-3 


u 


u 


J3 


k. 




t- 


^T^ 


D 






'1 


M 


f-m 






_>. 


U, 


— 


<D 









U it: 

9 i 






0) 

3 

cr 

c 

o 
o 



o 

o 

c 

u 

0) 

o 

o. 



o 

'i 



T3 
C 

CO 
O 
to 



g e o 



c £ 

t o 

'-. 3 

O - 

■O 3 

O 1-1 



a b 



e 3 

O TD 

C ^ 

OJ o 



S" e 



w ii 2 g 5 '^ 






o ■■= 



^ l-" ** 

,3 TO ba 



E 3 ^ > 



d) rt (U 

o 1- ^ 

OJ U en 

> u <" 

— — ,~ 3 

U = ^ 

5: ^ 



^H O n 

.2 o ' — ■ 

Cl, ^ 

-^ -a "1 

o 3^ s: 

S o -o 

5i o ^ 



O (u 

o. .sz 

o - 

& rt 

3 -^ 

•^ >. 

C E5 

O ^ 

a 

3 



c o 

^ cd 



tn O J— 1 ,0 



u, ^ 






3 H 



3 (u 



3 — 
o ^ 

1/3 t 

(U D. 

B !> 

3 '*~ 
O O 

c 
o 

3 z: 









3 

a 
■■o 

tsi 



d ^ S2 

So 

CI rt ,,£ 

(D 2 - 






« o 



3 
« o t;? T3 £ 






CO -^ .^ 









3 3 

O "5 



(U 



i en 3 +-■ 






O 3 

■£ ^ 






^- 3 ■— 



3 



,£ o 



B^ 



en IS *j 



O c 






is X] >, 

CJ > g 

00 rt 3 

£ =^ 3 

£ c 

f5 o « 

.3 






Jo\Si 



OJ 



o 



^ ■^. ^ o 



^ 3 ^ 

*^ - o 

P 3 en 



- w ?? T 



o S fe I 

^ t: 3 ^ 
_^ ■-. t; ^ 



o 



■a 

3 

a 
o 

Z ■= 

O c/J 

o ■■a 
c 3 

^ a 



J-* ^-j ^^ 



o c: 

£ 3. 



O r- C 
v: {" 1— 



o 

C 
CO D 

-a 
.i5 o 
o £ 
>'^ 

2 o 

U 15 



£ ^ 

3 « 



u 



_ C. 

O C/3 



•§2 

« :3: 

^ £ 

■■= Bo 

■o ^ 

35 -3 



aj 


u 


^ 


> 




o 


<— , 


(J 


o 


CO 


(/) 


-5 






c 


o 


D 


■1-1 


3 


■i-> 


■•-1 


3 


■-5 


O 



— - _, 3 CO 



3 -O 

O 1> 

— ! ^ 

o ^ 



^ ^ ^ 



S §'3 

O ^_ .O 



-' Zi .JZ — '^i sz 



^ O ■"-> '"' 



w O — ^ 3 — U 



— 3 is 

=:^ o a £ 



o D, 



to 

3 O 



*" 3 

O 



3 3 

<U 
w -^ 

a "" 

1 ^ 

£ -a 

3 ^ 

o n 

3 Q 

3 •^ 

(U CO 

— <u 

>! 3 

U .1 



CO C 



XI .3 

CO o 

O — 

£ o 



£ £ 



3 -O 
(L> — 

t~-> 3 

C £ >, 
;^ CO ^ 

> 



o a 

iSO ^ <u 

3 2 >■ 
- £ flj 

CO -O -C 
tn Q O 

^ % ^ 
£ £ >^ 

OJ (O O 

£ ^« 

— CO to 

O D. bO 

3 . > 
O 3 
>^ O 
w >> 

C3 CO 

3 
O 



31 
CO 

> 

3 
a 
<u 



o 



■a 
o 

x: 

£ 
^ £ 

-I 

= c 

cd o 



o 



rt 



(U 



<u 



;= s a 



..£ <u "^ 

CO TD P 

3 3 o 

-^ £ CO 

3 ^ 

(U ,0 tn 

0.2 " 



CO 



en ^ 

>*-< 3 



3 ->-' 

^ S w 

£ ^ S 
^" I 

I B I 

« .r) - 
80s? 
g ^^ 

3 ca ,£ 

3 <U (U 

u > 3 
O CO -o 



(U 'co 

H3 

CO B 

£ ^ 
^ 3 

C 3 



D CO bO 

g ca c 

9 S > 

en nj Q 

£ ^ B 

1 ^ >. 

>.- -^ 

CS Xi 3 

CO •a o 

'^ ^ -> 

U ..- 4J 

3 3 ,£) 

cr 

W 4) 3 

rt* B en 

E ^ ^ 

- o H 

CO 

en aj > 

3 "O =S 
O "^ 



3 =^ 

a- -o 



^ £ 



3 O 
O " 



c 



Crt ert 



> o _^ 

x; j^ 

H £ 1 

bO — a 

O en 

-i 4) CO 

.^ CO "O 

^ cd c 

c o 5 



4J .— , 
S "en 

„ T3 

bO O 



cS CO 

bJQ O 

(U o 

^ is 

DO 3 

DO O 



3 O 
DO "^ 

.3 (u 

^ to 

^ . 

■o 
o 



SS 3 

3; o 

_^ o 

en U 

3 3 

E B 



(U 






o 

3 



S Si 

S ..i 

2 4) 

-q 3 



£ S 
jj 3 

CT £ 



■O 3 
C 

rt ^3 

;:~" tu 

en OJ 

OJ en 

£ c 

o -^ 

CQ -— 

J3 dJ 

.^ .£ 

o c 

^ t; 



-^^ 


1 


■r. 




tJ 


^is 


1 


^ 


^ 








■- 


,>, 


n^ 


_::: 


T^ 




C 


bO 


'^ 


_^ 


C 


^ 




. , 


^ 


-J 










CO 






>■ 


£ 


'-i 










£ 


7; 


^ 


. 




.— 





: 






































\j 






:/: 














-ZZ 


^ 


r: 




J — 


c 


c 














ij 






._/ 










u 


I!I 






■J 


^ 


r^ 


jC 


— 


■J 




^ 


j:;! 


' ^ 


























































'-^ 


LJ 






3 


£ 


tJ 


>■. 


•J" 

> 


.r. 


iJ 




en 


~ 


^ 


~ 


>. 


> 

_5J 


*^ 


ij 


~ 


>i 


^ 


3 


>^ 


^r 


u 












c 





























i 


~ 


3 


=fj 


X 

p 


"Sn 


■j 
















V7 


>^ 




>-, 


C. 


3 


73 




""^ 


ui 


i_ 


4^^ 


^^ 


>, 


X 


^ 


CO 


> 


Urn 


^ 


v: 


ir 


u 

u 


1- 

DO 


^ 


"u 


p 





'~i 




-J 




^ 


U 




.^ 


M 


u 


'^ ^ 







.^ 


v: 


d> 


1- 


'^ 




3 


-^ 


p-> 




y; 


<w* 


. 3 


— ^ 
















^ 


5 

> 


c 


« 


6 


'-3 


3 


"^ 




=J) 





u 


^ 


3 




IJ 




u; 






;0 
















"^ 


^~ 


•£ 


^ 


■"" 


_CJ 


V) 




'3 


'J 


'"2 


-3 










y 




















^ 










> 








u 




w 






3 


*-* 


i-> 


^^ 


bp 


^ 


v: 


ij 


-3 




3 



C 


-J 
> 




A 


"5 




1^ 




ij 


if3 


5 


bO 


3 
:o 


r— 


jj 




c 


— 


^ 


3 







ts 



bO ^ --' 



3 :n 



-T "D 



?b3 - 

_^ O CO 

y F ^ 

£ £ E 

r3 O" en 

— I 1J 3 

b ^ f 

■^ x: — ' 

^^ t: 1- 

-^ o £ 

O ^ CO 

- K — 

'^ « £ 
30^, 



- 3 ii 

^ t: JD 7j 

.3; D en '"a 

_ — 2 X) 5^ 3 



3^ 3 O -^^ 



^ ■* ._ -o c 

^ ^ x: o "^ 

> Tf ^ w « 

S* ■ E ^ u 

- ^ 2 ^ £ 






to jD 



_ C 



g ^ >, 



- £ o 

■^^ "^^ j-^ 





w 


.^ 




TS 






'^' 








w 


rJ-' 


>. 


"^ 




c 




cS 


^ 




.0 


bi) 


£ 


■Ci 















ic 


Uu 


t; 







c 


^ 






Ft 




> 


a 

3 






Hi~ 


'"^4 











£ 


> 




u 
n 


L- 







^t^ii» 


3 


03 


.•i^ 





t/5 


£ 


-Q 

1 





a 


1 


CO 


f£ 



U 




.x: 



£ ^ ■■" 'iJ o 

t> CO <^ O 5 

3 3 3 '^ ij 

O ^-' :d O 3 

JZ kJ ^ S- >- 

■> * ^ y y 

^ i- £ « O 

■ — . 1 dj 

^ o g =^ 

L^ "3 3 •" 

i ^^ .Si 

•c £ cs .ti 

o o c ^ 

° o .3 ^ 

^"^ ^ U, :£ S 

O O 1= S 

^2 -^ " a =^ 

C ^ 1 CO ^ 

3 ^ ■^ ^ £ 

^ u ^ ^ b 

>.£ £ ^ ,- CO 



u ■ u 



.X2 



bo 



x: 
o 



a 



c 
,0 

to 
U 

o 

C 

"5 

CO > 

O E:i 



2 £ 



s ^ 






■bj en 
^ 3 



cd 
Q 

r) 
o 

> ^ 

« ,x: 






3 
o 

CO 

.x: 

3 

o 



a 

OJ 



cd 

x: 



cd 
x: 






> =: 



cd y w 



f£ 



> 




ij 


>, 
« 


a 




5i) 


^ 


3 
cd 




^ 


OJ 


4J 

■a 


■« 


3 


bO 


a 


2 





..£ 


£ 


^ 


a 


cd 




^ 











• 





x: 

u 
cd 

■ D 
Td ^ 

•^ ^ 

<u cd 

<u 3 
O 



•^ nt ■•— > 



■3 ^ .3 
CO t 
Cd r^ 



3 x: 
Cd 

> £ ^ 

'^ £ >> 

Q ci i-( 

rt O 1-; 

.r: £ S 

'^ -^ 2 

£ 



£ a:; ^ 



£2 «3 

■3 « 

3 e£ 

en .x: 

3 CO 

o _c: 



3 
OJ 

x: 

■O -3 

OJ 



cd 



O 2 

3 'US o 
3 Cd — 
en 

C 



t- 3 

£ 3 

^ o 

Sb 8 

_o -o 

en cd 

3 g 



(U 3 

c3 ID 

x: .js 

en 3 

CO E 

3 e/5 

r: 3 

— o 

cd OJ 



2 - 

t^ ii 



3 

x: =* 

u .3 



cd t— ' 

.x: ^ 

^ 3 

o^ 2 
< ^ 



£- 2 

E Cl 

3^ 

Cd - 

CO ,S2 



B ^ 

3 ti 

o i 
^ a 



t 

-c 
o 

03 

c 

o 

o 

03 
-Q 
P 



03 



^ o t:; 

x T' c3 

cd ^ x: 

?; '^ S:^ 

<D en x; 

3 — 

— a bo 

;« g 3 

.x: ■■" Bo 

o ,^ ^ 

■3 "« ,i: 

^ 3 o 

bo..i=: 'c 

• S c 

r- CO C 

■^ -^ ID 

E 2 P 

S O G 



^30 
^ O >: 

en ^^ XI 
en o C 

!> x: 



u 


r 


x: 


3 


\ 


*-. 


t 


■t 





cd 




4) 




o" 




3 


a 





Cl, "O r; 

13 3 _£ 
JZ 3 "^ 

*" Kj >> 

2 "S--3 

en CO CO 

dj (L> y: 

to X ?^ 

C 

cd 
x: 

c 
43 

J3 



J_J 


U 


13 





x: 


Cj 




w^ 


3 


^ 






3 


13 


43 


C 


?- 




43 


E 





fcCi 

E 


o 


a 


3 




1 
p 

3 


o 




s 


^*rf 


D 




e» 




(U 


1 — 1 






a 


N 


C3 


o 




r) 


,o 




tL> 


o 


crt 


C 


3 




o 


C— 










S 






flj 




'*— ' 




(U 




O 






♦J 




o 




H 


o 


o 








c^ 


'~^ 






3 




3 


« 




"w 


G 
O 
O 
2 


,^ 


■o 


i> 






5 




rj 


■^ 


eft 

3 


3 
O 




^ 






"3 


eft 


£ 


C 


o 




■^ 


eft 




rt 


O 


~ 








H 


to 




5 


o 

o 






a. 
o 




z 

a- 

'o 
o 


3 
eft 

00 




(L> 


3 




.2 






_^..J. 






L. 

y 


■■o 

p 




o 


en 




C 




1 


Q. 


j^ 


^ 




£ 


O 








C) 


"5 


1-— 4 


d 


CJ 


.£ 






1 


=;. 


3 


£ 


S 


to 


.^1 




o 


3 

to 


1 


eft 
eft 

OJ 


(ft 


3 

B 


c 




D 


o 


.^ 




o 


Cd 




o 


« « 


-0 


O 
3 


2j 


3 
cr 
o 

c 


3 
eft 

eft 


a 
o 


3 


"c 

C3 


■d 
> 

00 


o 


■,^ 




o 


c/; 


■x: 


■x: 


60 


O 


C/] 


ZL 


,*^ 


o 


3 


o 


4.*J 


U< 


3 




fc« 


■■' — t 


3 


o 


o 


dJ 


(U 


tS 


:s 


o 


u 


3 


>, 




X) 


J2i 




O 


c 
o 


3 

■3 


£J 




o 


2 

3 


s 


u^ 


:3 




(U 


r: 


'5 


-1— 1 


O 


o 

H 
Z 


3 

'."2 




eft 

0= 


o 


o 

3 
O 


5 

< 


3 
■0 

1) 

u 


1-^ 
eft 




u 


>i 


^ 


(U 




3 


'5 




.n 


£i 


& 




■o 


a 



*^ r eft 



^ .2 



o 

■o 



3: o 



c5 



-4> 



^ 3 

^^ .^ 
"5 eft 

^ <U 

St:, 

3 < 

4J . 
OO 3 
O 



■5 -^ rt 



u 

^ ," 



T3 O 



>^ 7 

3 3 

— - CS 

^ CO 



■a 

3 
c3 



= O 3 



-^ 3 "-^ — 

3 '"■ T! ^ -^ 



oi 



s o 

3 C 

eft rr 



en cfl 



1> D 

CO r- 

o ~ 

^. O 



*-< en -3 



5 s 






^ Z. ^ 



-r o >: 



Q Z3 

!U 3 



3 I 

-' ca 

3 O 

O <^ 

.,2 "^ 

^ o 

I- c 



S £ 

o <i> 

a > 

3 O 



3 ^ 

.2 to 

TO CI 

3 =« 

sa £ 

3 (U 

£ a 

— o 

3 (u 

,o ^ 

3 ^ 

£ i- 

.3 3 

-" O 

t-' a 

(i> en 

> P 

o 5 

eft Cd 

S £ 



(U 



3 C 



i^ en ' ,^ 

-" O eft T— 

o o £ 

o ,r; ~ 

- 3 ^^ 

o i2 

3 "Z 



(L» 



id « 

■a 



CO £ — 

>^ — 

£ I ^ 

ii £ 

S £ 

fc !U ^ 

CD d O 
»j cc "^ *ri 



3 3 

en (3 

° S 

(U ■- 

£i 3 

-s? « 

3 ,jr 
So 

3 .X 

..2 cj 

I i 

3 3 
tO^ 



.£ '^ 

£ 
"2 o 



en 



O :3 

O 



3 — 
O 



u 



H 
Z 



(-1 ^ 






3 w ti 

■*-' L- eft — ' 



3 
O 



O <u 

3 a 



ID 

to OJ 
3 "- 
.2 -^ <u 

t, o > 

9 ?^ s? 

-? — "1^ 

Z < m 



O 

C ^ - 

en Si i: 

rt C 3 

>, to C3 

" .£ E 

- o 

3 -O 

■O 3 
O 



3 ;5 

.^ S 

So 

3 S 

hi ^ 
o'-5f 



O O en 



■o 



.,3 >> 



H 
Z 

a. 



•^ 3 

>■ DO 

a 3 

3 "^ 



O - (U 



tt 3 



T- '^ Gi O .-3 "S^ 



(U eft 

2H 

3 oj 

O DO 

u 

ii e- 

X "" 

0) -a 

.o y 

3 en 

O >- 

^ 3 .s: 

<D *j 

.3; = O 

£i ^ ' 
o 

en 






c u -- w r 



-. o 



. ^ ^-^ cej 



3 E3 
o 



- ■= ^ o 
3 o .^ 2 



£- 



C!3 *J -^ • — 



to 

3 

o 



JJ o o 

-O > 00 



.22 X) 
to 5^ 



" TS 3 

■3 « ■" 

y (U c; 

lU c. ir 



en 



CB 



DEW*-" 

3 



en 



eft U *^ 

— a c 
■o £ .y 



OJ 73 

O O 
D. ?► 

>- 2 
.2 o 

3 -C 
1^ 



■= £ 'S "S 
^^ ,^ w_ i2 

o 



D 



(U ^ 



-- V 

^ 3 

3 O 

3 o 

.3 z; 

CJ :« 



rt 



3 ^3 



2 ,IK1 



u CI, 

.^ a -o 

■^ ca 3 

3 c« *j 

Z -C *-" 

a. H ..£ 



S "* ^ 

'C ',r> *o 

I ^^ 
,^ H 3 
S Z (u 

~ CLc -^ 

-J r^ Xi 

2 5^ 'i 

^ ~ a 

eft t: H 

B ^ ■■" 

eft eft 

■-3 •-> ■— « 

3 3 ■- 
C S " 

a -o ^ 

t: o . 

Z 00 « 

^ >.? 

o «J 
3 i= 
u. ,2 =« 

(U ^ — 

,5 Q, 3 

C fl, o 



o 

^ o 

CD ii 

eft i- 

3 2 

to a 

O (u 

(J o 

(U 



•^ eft « 

en 3 -1— > 

.,- ^ .._ 

£ X 5; 

T3 S .2 

3 a > 



3: 
o -^ 

3 o 



03^ 

en 3 <-! 

E ^1 

<U 3 Q. 

3 ?? C3 



« e: *j 



3 
ca 






."^ H 

^ 3 
<U 3 

O 
O 

>^ > 

^- ■ O 
> 

3 



^ ^ 



>, 3 

■^ en 
t) -— 

« ET 
" Z 

2 « 
>.£ 



3 

^ o d 
£ a, £i 



a 
£ = 

o ^ 

o H 



4-> 


w 


_eLj 


G 

ca 

3 

cr 


ii 












» ¥^ 


3 


3 


^ 


cr 








T*1 


■0 


.4J 


T3 
<D 
eft 


3 




eft 




ca 


<D 


O- 


CI, 


8 


£ 


;< 








u 


CS 





i Dij 
O 3 

^ if 

.^ i 

^ o 



il 

2 c 
o 3: 

OJ ^ 

«J 3 V- 

3 (u i 

ta x: 5 

en (U 

ca .£ 3 
o .Si V 

*- ,J= ^ 

"= ^ -3 

ca o '^ 
o '■^ ^ 

'^ o ^ 

° l- c^ 

«= 3 8 

(ft r- .j; 

en r-' T5 



o 



'X) 



- -3 - 
^ S^ ^ 



J, >% CJ 



3 3 



£ S 
o .x: 



■— « u 






•- h ^ 

O 



? o 
o 



eft ~ »j 






<U 



U 



r: 3 

rt c — 

O 3 — 

3 o ■- 

o X) S3 

^ . en 

- O >> 

^ C g 

. o £ 
>, 3 - 

~ 3 o 

o <u ca 

c3 ■■o'£ 

en ^ 

^ -2 = 

o 5i ^ 

31 o 2 

*" en 3 

^ 8 ° 

s s - 

a eft 

en aj 



II 

id 01 
to w 

ra ^„ 

tD O 
B 3 

^ 3 

u a 



._. ca 

ca c 

.3: •- 

3 ^ 

ca ^ 

£ - 

o 



U 3 



(D -£ 

£ > 



._ ca 
ra Ui 

eft 1) 



>- .JD 

> — > 

a "3 

8 o 

^ jz: 

o en 

.= -a ^ 



5 ,2 



en r- 



= Cl 



8 o 

C ^ 

o - 

3 > 

-i-j eft 

^ 3 

■O O 

S3 o 

■— rt 

> ^ 

o 3 

ca 

>.^ 

rt .3 

(u 3; 

■T3 3 
eft 



o 5 

>^s 

£ 1 

^ eft 



ca 



ca 3 



ca " „ 

^ ^ 3 > 

— 3 :? 



o '*-■ 



> -3 

O 5 o £ 



*-! *-> 3 ^ 



£ c 

to DO 
Q 3 



■o :i 



O 
3 

a£ 

^ ta 

3; 



3 en 
a aj 



^ ^ :S 






3 




u 


1 





3 


3 


3 


ca 


£ 


U 


E 


Xi 



T3 

o 

ca 

a, 



o 

ca (-v 

a "^ 



o S 



a ^ > h^ t: r- 

t- ca 

a o 

£ en 

" 3 

P S:- 



o ca 
o 3 

■^■■^ 

%^ 
a a 

3 



^ 2 ^ Si 3 S 



o 



3 
O 

OJ « 

£ to 

w to 

^ "^ 
^ en 



X! 

ca <u 



en 



ca w c 
■f' jr 3 



> H 

. £ <D 

en "O 

n o 

ca fu 

2 a 



.3 eft 

g- 8 



Ci. 3 

ca e^-i 

3 in 

ca 3 

3 >^ 

3 ^ 

O (U 

x: > 



ij 3 _ 

e^ (U ^ 

P 3 - 

tn ca a> 

S ^ « 

CO .d_i 



s 3 

ca -i-^ 

^1^ en 

^- — 

2 =3 

a tj 

3 "^i 
3 =>. 

'" 3 

00 j^, 

4j 



7" >. 

3 ca 

. ca 

■T3 _ 
<U 3 

'^ 3 

3 ■■- 

DO ^ 

■Si 

en 

.3: o 



3 >. 

(U JI 

« -^ 

en ^ 

ca S 

_>i eft" 

3: x: 
a " 
^ L, 
u ca 

u a 

^ o 

3 ■£ 
ca 3 

^^ 

■^^ 

ca - 
<u ca 



< 

O 
< 

CJ p 

I « 

!T 1 

>- o 



OJ O <U 

^ > X 

o^H 

i, en srt 

3 u ^ 

o x; 3 

■3 cJ y 

> "O 

w o 

'-^ 3 



>w £Z 



■"-J -t-^ ,^_, ■*^ 



DO 



3 
O 



eft 3 

3 4J 

O — 

'-" ^ 

cd en 

en u 

■3 O 

ca £ 

to o 

eft 3 —J 

^ O en 

dj <D 3 
J= E 

ti o .!= 

4) en <U 

c t- j:: 



O o 

=^ ^ ^ 

<D 3 " 



(D 



ca >» 
dj 



en ^ 



d) '-" .3 ■*-' 



£ t^ "O 

*- Q fc- 

■3 , o 



O .^ 



^^ 



a> (U 3 en .3 j3 .33 XI 



3 O 



3 3: 

3 dj 

u 3 

ca jd 

'-r t- en 



3 3 

O -S 

O eft 

£ o 



K <L> 



^ £ 



4> rt 



a ^ 



3 = 

o rt 

tn e 

<U 3 



O 

a< (u 
3 3 
§ O g o 



£ o 

(U eft 

n e" 



<u 
a 

X 



'*-^ '^^ tJ^ !_- 



O en 

ID OJ 

D '-P 

eft " 

^to rt 

3 _^ 

■t-i ca 

ca .£ 



?^ a 3S 






o > 



3 (D 

X 3 

'(ft __r 

3 ^ 

a ■- 

eft "> 



X! ■ - 

^ B 

(D CS 

3£ 

a .. 
■3 « 

3 OJ 

rt ;3 

S £ 
to Ja 

o Cu 

D O 

to > 

3 C 
J3 (D 
O rt 
to (U 

3 V, 

ca £ 

Ci-:3 
o ca 

2 o 

3 u 



>. 3 «i X 5 



> X -o 

^ aj «J 

S C S^ 

c w to 

^ P ca 



~5^ a. n 

^ > 

O .,22 -O 

ii >> =^ 

3 ti 3 

(U > > 

CJ ^ o 



3 (D 

ca .X 



en (u 



> ? X 

:! £ s 

ca ^^" en 

S^ZS 



>. O 

en ^ 

eft u 

(D (U 

" 3 

3 <D 

eft X 



^ £ 
o2 

£ x: 

a r3 
> ca 

° ^ 

di ra 

to eft 

ca D 



X < ,£ 

^ o - 

en •<! ^ 

1> ^ <L» 

X Xl r- 

r3 -^^ 3 

3 O ca 

^ -^ = 

02 3 

5 ^J .i3 

" -S ^ 

X iS -o- 

to g o 

3 S to 

eft on ca 

3 ca '-^ 

O w en 

u to y 

p ^ 



■o 

<L> t:: 'x; 

eft 3 •_ 

== ^ £ 

ca =« _, 

X tfl£ 

en .£ O 

o £ ^ 

£ ■ " ^ 

3 -g rt 

ca > x 



^^ 
> >- i:! 

ca ii u 

B" ca 

3 £ .X 

S o ^ 

^ " X 

■<-> d> « 

1 S S 

ca ca 3 

U B eS 



to 

3 



O 

a 

E 
o 
u 

3 
3 



ca 









I 
, 



3 -^ 



o 

eft 

ca 

■13 
3 



eft 



•^ 'JTr 



to OJ 

-—J Ca 

S a. 

>% (D 

ca X 

I i 

'ca a> 

aj o 



-Si 
Si 



o 



^ ca 



o 

E a 



to 

3 

ca 

.X 



2 2 

o 
<u a 

Co o 

S ,.£ 
>, o 

.-3 3 
S2 eft 

ca t) 
w o 



ca 

.X 



00 o 

3 > 

ca r; 

X U 

Q 3 



-Si ^ 






?i. ^ 



A Si 

o ^ 

o :g 
■o 



■o 

3 

■a 
■o 



3 



^3 



^^ 



.ta^ en 

Q ca 

(D Oi 

a ^ 

X X 



o ca 



en 



en 



en X 

dj u. 

ui ca 

to a 

£ - 

a = 

o :3 



SI ^ 

■2 t 



S^ g: 






1 1 



p 

Q. 
CD 



Cl 






Q 

O 
o 

>, 

c 

O 

xt 

<D 

■a 

G 

1 
,^ 

O 
3: 



(/5 « OJ 

'..E i5 ■■'^ 

'— '-" -o 

u c: ^ 

-a 3 o 

o 



vi _^^ ;l; d 



r = a 
a o o 

o n a 



o o 






"J to. 

._ :S -O C 

1~t ■— " -J 



u rt ^ 



3 O i" 



c/O 






a. 



2 ^ ^ 

=3 ,0 O 

o O ^ 

■G , o 

^ ,2 



o o 



— <u 



- c ?; 



-• ftj O 
o c o 
DO '^ 






>^ ^ Is 



■^ 3 ^ 



^ o c 



O jz 






£ 

^- 3 B 

O p cd 

p Cl, Q 

U 1> ~ 

c; cd g 

(L> C ^ 

;■£ f ^ 

<f' .-= 'TO 



CI 4> 



B '^ B 

-So" 



c 
c 

3 

o 
o 

C 

|l 

E " 

o <o 

^ j= 

rt J-" 

o ^ 



eg <U 

c c 
*^ o 

= 1 

D. '^ 



« f- o 2 ,^ , 5 



:::i >> O p 



o -O 



,§ - si I = ■= 2 






;i o .— 



S St 






._ r3 !^ .jo s o 5 y 



c/3 _5 ^ '— ^ ^ 



O O 

o p 2 

^ :3 5 



u« 3 



5 <iJ 



r: o 



■p; c w c; 



c 3 



■ ^ n o :3 ^ _ 



- O = rf 



(U 






'J ^ s 

2 X ^ 

;3 <L> G 



r- VI r- -^ 



o to M-^ 



1 VI ' u> 



. - us t: 



w — o 



1 ^ 

2 X 



^ o 

« e 

« o 

^ s 






<u 



lit 

5 ^ '3 

C "" T3 






m a ..s 



S c S 



o g o 
£ b< 

— ■ 



3 4) — 



Cu -S 



G. * 

a. c 
*-" en 

[/) 
s 
o 



E ^ 

11 

'Z [t 






65 3 i 

3 fi, ^ 

o £ ..2 

= o y 

« > s 



s * 



7 O u 



S 
S 

Vi p V 

« >: t. 

E ^ 5 

■*-' U 0) 

Si « u 

S X o 

o « >- 

• s ^ 

• 'S «) 

. (3 BO 

^ Ml ^ 

2 ^ ^ 

^ S « 

>>"«■**' 

^ g « 

o a. o 

I- >- 2 

o o ■£ 

a ec .2 

o -o 

2 ^ 



'g 'z 3 r 



Is 

2 « 



2 I 



*- o 
a cfl 

La V3 



Oil * <*> 

O U -S 

- „2 S 

> ^ s 

s *- e. 
o 






« 3 

"5. ^ 






■a 



3 



o 

a 






S 1 



-a 



en 1-. 

o c 

1-1 -^ 



jn' to -a _=2 

J2 C W ■— c 



3 cfl 



o O 

(2 o 



5 ^ 



x: c 



V3 3 

-^ 
en □ 

*^ "c 
ti a, 

^° 

<1J 1) 



<u 23 



c 

o _ 

a ^ 

^ r; ^ 

<u 3 -j^ 

to « ca 

« £ y 






■^ _> 5 o 



C3 






c 

D. 



o 
o - 



- o 



en j-j en 






ii "5 o 

w u, > 

O t) 3 

£ n " 

o 

3 " a: _ 

ca j^ en '7^ 

r- 3 -2 > 






p ^ 



O 3 

& t, 

3 

5 *-* 

CO '-" 

s ^ 

^ 3 






f- — o 
— C en f— 

.3 S ,S '^ > 



-— O O 3 



O 

en V— 

o cz 

J— I ._ 



o 
a 






cfl > O 

S - -^ r: 



1^ o 



O O 






■a 

w 3 

e s 



u i2 o 
"3b 

" 3 

o 

C 



3 u 

o n 9 



m 3 
3 o 



3 
IS 



?3 


3 


^ 


^ 


J2 


w 


^ 


U^ 


O 


£ 


o 


e2 


-^^ 




c: 


Vi 


£ 




en 


O 


S-l 


ao 


(D 


.■3 


3 


■o 


;_ 


73 




3 




JZ; 


B 


n 


e« 


w 




3 


r3 


D 


t_) 


■o 


« 


JI! 


<D 


C 


^ 


-1— • 


■ — 1 





to 

■a 
3 



<D 

3 
D" 
C 
j3 
O 

B 
o 



Q 

3 

O 
Q) 

2 
a 
■D 

3 

ro 

3 

03 

£ 

ra 
3 

03 

£ 



2 



o 
,x: 



^ 2 

*" ^ ^ o' ?: 

3 w ^ T3 ± 



^ ^ ?^ ^ 









— 30^3 
3 -rn 3 ■^ 3 



t4 "t -2 P ^ 



e« 3 .^ 



£ C. 



•Z X 

3 o 



.3 O 



5 ii 



o "S 



§ ^ 



c ^ 



.n ."3 c3 

-3 !2 o 

— 30 

3 .- ^ 



r 3 3 



en 



■^ i: w >? < ..H o I -c 



~ s: >* > ni <u 






e.M. 
O 



-3 (« ?: p' aj ^ ,:; 

t-' -o 5 £ -. w r; 



Q -'. 



o 3 .- ^ 



a 



— ^ ? ^ 



y t) 3 s; -^ 



2 w 3; 



T3 § 

(— 

ftp 

eJ? _- 

i^ 3 

u 

rs 
> -3 

1 £ 
< c: 

O S^ 

5 -5 



en ^ ^ 



.:3 



w o ■o 

c3 t- cj 

w _ -a 

« 3 3 



^ ^i ,," P 



2 ^ 

-it; 5j 



3 .^ 



Ji -c 



o u ^ 



cC O 



w — " -- C-t._ w 3 3 



"3 
3 






O C rt 



- ■„ OJ 

U, t) 1-1 

o a o 

P - " 



% ^ ~ ^ ^ 

■^- Jr i> ::j — 



o £ 



<U !S0 O 

^1 w w 

O Q (U 

o ^- = 



£ ^ 

C3 3 






w Sr* uo 



i ia 



3 SZ 

C3 — ' 



en -3_^ £ 



en -1- 

_ <S0 

-3 3 

- O 

"o 5 

£ ^ 

3 ^ 



D. • 2 -^ 

<u o ca 

S O (u 



? ^ ^ '^ 

?J -^ >> r- 



3 <D 



O 



-^ Z -p r. 



zz o 



3 

e™ 
O 



- a B 

en Cd 

>> Si &0 

■r- "3 3 
> 



3 "O 
O u 

■O o 
>> en 

C3 3 

£ - 






<s .? 



« 8 

p q 



h ..i T3 

^ § ^ 

^ cd o 

^ ^g 

3 3 O 
>, ^ " 

t: 3 <u 






- .. . -P 

3 Q u; w 



en .^^ 



>^fi= ^ 



"3 ^^ ^ IJ -*-^ 3 ^ 



> en 
*-> 41 
U en 



3 « — 



D. 
"^ O 

Cl, 

O ^ 

3 P 

>^ 9 

o £ 



,0 > 
■" C3 "^ 

■3 u, c 

art 



« 



3—3 



f P 



3 o 

C3 c« 



3 IJ 
!-, > 



^-1 iT ^^ 



(u 

1 - 

3 2 



U .3 ^ 



rt en 5 

5 H £ 



3 <^ 

o ^ 



c^i -P ^ S 
O ;^ 3 

'- -- "o ' ■ 



" .ii 3 

,i: 3 3 



en ^ 



3 en 



O CO 



3 ^ 



O 

— ■ 1^ 

!^ 2 o 



— I f 1 aj ni U "^ 



"2 
rt 



S^ "i? 



^ I— 

o S3 

E P 

o. 1— , 



£ 



._ en ■— 

'3 O 
■o *^ ao 



G lU 



a o ^ 
u 3 S^ 

3 Cu 



p £ 

cd b« 

£c2 



3 
„ « o 

3 o en 

- a B 
3? *- 



3 (U 

£ 

1 ^ 
£ " 

w 3 

S 2 

ji; u 

— 3 
*- "O 
S2 I. 

en dj 

CO ■<-* 

^ O 

— rs 
■? 2 



3 >^ 

3 -^ 

"^ -o 

3 <L> 

'^ dj 

C3 O 



cd 






:d O 

dJ fi 

■73 CO 

en >^ 

■— (U 

W -P 

Cu 

3*'T3 

y P 

..£ cd 



~ -3 3 (U 






X) 

3 

o 



3 >. 

o ,3: 

zz > 

?3 .3 

3 ^ 

qj 3: 



;il ^^ w en 3 



=5^ 



cd 
.3; 



3^ t:: t;; 3 a 



*- jp <u 



w ^ ^ u 

■"J -i-» _ en — ■ 



to X) cd 



5 

en 
< 






OJ 1-1 

3; O 

2 ^ 

3 3 



n — . ed 

3 "t; 



t. « 3; 



5 



D,J:; G 



3 — 
— O 



■P J2 






(U ? ^ 



O ?C O 



3 D ?a P 






.3 -a 



— . — ii TD 

O 1- 



cn 3 3 <U 
>> O O -G 



3 P 3 S o r: x: 

p "« /-^ en ^ -J — 



2 
'.£ 
o 



^ ii ^ o rt 



*; 6c 







■~ B 








a -M 








a « 








^ (>■ 








3 








= <u 








«; 2 








CJ c 








■s a, 








k. 








R s 








































*- a 








U >!! 








C *" 








E.£ 








"? "^ 








£i „2 








A k. 








a 4* 
u a 
















iJ" ^ 
















e ** 








u sn 




1- 

UJ 




3 t 








CO 

cd 


1 "3 
w -3 




D 


■0 


> 3 
■■-■ en 




< 


3 
dJ 






CO 


■0 


« -a 




< 


en 


§■2 




^ 





5 tr 




GC 


T3 


"2 


d 
^ 





3 


5 ^ 







X) 


« » 


o_ 


^ 




„2 ■£ 


^ ' 


t^» 


"id 


"u ^ 


c 


LLt 


■5 


g 5 


- 


LU 

X 


3 
cd 


< B 


K 


»- 


< 







■o 

c 



f= 
en 

CO 

c 

CO 

E 



o 



« 




CD 




D 




cr 




c 








T) 


O 


o 


Z 






^ 


H 


o 

5 


C£ 


< 




I 


o 


O 


o 


cc 


2 


< 


Q. 


£Q 



^,o 



— o 






Jii c Jd .= W) ^ 



o — 



o _1 

en 

« < 












K O J. CD ^. 



:2 a 



c E ^ -^ '-' ^ ■=: 2^ .S o -- - ^ ^ j: 



JD 



DO — ~ 

c <u 

jt; ^ 

r: 3 

i_ ?»~> 

■^ ■;=: 

o op 

O o 

c 






CO 

O c 
eg C 

£ i2 
a. a 






■a r- 
o o 

CJ 

■7: a 



r; y s ^. 



- £■■ E 



?; o 



^ 













>! 


■^^ 




crt 


« 


i> 


cn 


_~ 


t> 


^4 





> 


<U 




C 








<u 


H 






o - 



*" S S 
i^ ^ cs 

'^ a ^ 

O 



•a ■■- 



CD V3 O 



o 






"O « 4J 






ii « 



00 w 



2 S 



— 4J 






iS o 

a-q 






= ^ 5J 5 z; 



i: o c 



fi 



o , 

rt — 



o c 

o "3 

c a 

O CO 

2 5 

a 'v, 
o 



■a 

-r* i- C 



i= ^ 



n — 






TO C 

o a 



3 . 

o £ 
^3 

CJ 



■o 

flj 
"5j 
a 

S 
o 
o 



O 5 



flj "^ 

£ c: 

o 
d o 



J^ o 1- 



£ G =: t> ^ ■" > 



>. 3 



"O jr 



■o « 



O 



o *-> 






-J "^ ^ 



£ ;= ?j <u G -o 

15 ~ •" ^ o 



tij 



c 

r- 3 

2 £ 

S o 
0. ■,:2 



w 



>> 3 ■-' 

— O CJ 

> U -1 

- M g 
CJ — - 

rt cij 3 

^2 8 






■o 
c 

> CJ 

o ^ 

CJ u 

■^ ^ 3 

= 

OJ CJ ■,-. 

r- -^ ■*-• 



CJ 

OJ ^ 

o' S 

Q, -C 



O vj ^ 

.h o 3 

CS « CJ 

o u 

■^ ^ 1 



> cd 



CJ ■::; 



3j , ^ ,!_> 



? 3 






3 S 

S ^ "O 

O CO o 

O C CO 
3 CO ^ 

"^ tj 1> 

3 2 o 

« ex „ 
" ^^ ^ 

crt ?^ *" 

"2 p -o 

CO ^ c« 
CJ C> (y 

.£^§ ^ 
> s s 

^ CA (L» 

CJ 3 j- 

« (J s 



"2 * 

5. -o 

CO CJ 

l-i V3 

-^ "^ 

Sr^ CJ 

> '^ 

+-> .r> 

CJ s 

£ " 

CJ S 

.J3 



CO i -C) 

■"O *- o ■ — 

(.„ I- -3 

CJ o C. *" 

o ^ '^ ^ 

■3 ,.^ tft r; 

f sli 

V3 c3 *-■ — r 
(u S^ « 

■^ ^ O § 

CO t3 o ^-> 

U H 3 fc. 

*-. . ,3 <U 

O CO ■'r i-i 
J^ -73 x: -3 



"O bC O '3 



? "^ 
u 



CO 



O -rj -a 



CJ 

(*-. wi 

5b ^ 

O t/5 

_, g 

CJ S 

r: X) 

CO n 
^ 3 



e o 

o c 

Co (u 

CJ « 

bO ^ 



3 > 
- C 

CJ O 
> CJ 
Zi CJ 

CO r) 

CJ 3 

CI, CO 
O CJ 

03 

CJ « 
^ CJ 
O ^ 

£ -3 

13 ^ 

« is 

g CO 

CJ "S, 



5 13 i? 



CO ti "" *-> 



3 fi 
CO .5P 

3 O 



■3 •" ;ri -3 



3 ,0 



CJ 

a 

Qi ^ 

3 to 

CO Uc 



CJ CJ 

j:: 4j 

3 ^ 

CO r-i 

5 

CJ o 

^ cd 

w u 

O li 

H .£ 

g o 



CO CJ 

■O CJ 

3 ^ 

CO r: 

CJ .JS 

..£ j= 

BOUc 

3 ^ 

CJ — : 

3 o 

3 Z! 

3 O 

_cO ;=; 

G, S 

CJ 



3 

CJ i; 

u C 

■- "2 

t; CJ 

CO £ 

;; * 

CO TD 

CO CO 

O tj 

u. & 

O CJ 

r> 

° KJ 
CJ 






o ^ 

P CO 



W5 

w .3 



.S2 CX 



O CO 
G :5 



r: £ 



CO CJ 



\ 



ifllii!;!^ 



^ 





Mayloi, H (1996) Project Management, Pitman Publishing, pp 44-76, 



CHAPTER 3 



Project planning 



'Even the longest journey begins with a single step ' 

The purpose of this chapter is to outline the scope and applications of planning 
methods that address the fundamental question - what needs to happen and 
when? The planning methods are the basis of a formalised approach by which the 
project manager will show how the requirements set out in the project brief will be 
met There are a number of specific graphical techniques which are greatly facili- 
tated by the use of computers. It is important in the first instance for the project 
manager to understand what is being done behind the 'graphical user interface' 
before committing to the output. This understanding of the methods involved will 
facilitate the process of finding a suitable system (see Chapter 4). Much planning 
should take place away from the computer as there are equally important matters 
such as the manipulation of time constraints to be considered 



CONTENTS 3.1 Project planning as a value-adding activity 

3,2 The process of project planning - inputs, outputs and the 

process itself 
3 3 Managing the planning process 

3.4 Communicating project plans - using graphical techniques 

3.5 Dealing with increased complexity through network diagrams 

3.6 Constructing and analysing activity-on- arrow/ (A-o-A) diagrams 

3.7 Analysing the network - critical path analysis (CPA) 

3.8 Activity-on-node (A-o-N) diagramming 

3.9 Activity-on-arrow versus actlvity-on-node method 

3.10 Dealing with uncertainty- programme evaluation and 
review technique (PERT) 

3.1 1 Planning with standards - four fields mapping 

Project management in practice: adopting a standard for project 

planning - useful discipline or unnecessary constraint? 
Project management in practice: Prudential Corporation on the move 
Summary of key points 
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Review and discussion questions 
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CHAPTER 




Resource Allocation 



in the previous chapter we looked at a special type of resource allocation problem 
that of allocating time among project tasks better known as scheduling Now we con- 
sider the allocation of physical resources as well Also we are concerned with using 
resources in both individual and in multiple simultaneous projects The subject re- 
lates directly to the topic of scheduling because altering schedules can alter the 
need for resources and — just as important — alter the timing of resource needs At 
any given time the firm may have a fixed ievel of various resources available for its 
projects The fixed resources might include labor-hours of various types of special 
professional or technical services, machine-hours of various types of machinery or 
instrumentation hours of computing time, and similar scarce resources needed for 
accomplishing project tasks For example if the need for some resource varies be- 
tween 70 and 120 percent of resource capacity then that resource will be under uti- 
lized (and wasted if no alternative use exists) at one point in the project and in in- 
sufficient supply at another If the project schedule can be adjusted to smooth the 
use of the resource it may be possible to avoid project delay and at the same time 
not saddle the project with the high cost of excess resources just to make sure 

This chapter addresses situations that involve resource problems We discuss 
the trade-offs involved the difference between allocation to one project and alloca- 
tion between multiple projects the relationship between resource loading and lev- 
eling, and some of the approaches employed to solve allocation problems includ- 
ing the Critical Path Method (CPM) and several other well-known techniques 
Although CPM is not actually a resource allocation method we include it here be- 
cause we view time as a resource and trade-offs between time and other resources 
are a major problem in resource management Finally we note the major impact 
that current project management software has had on the PM s ability — and willing- 
ness — to deal with resource loading and leveling 
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Chapter 1 

Construction Planning and Control 



11 Introduction 



Planning can be applied in varying degrees of detail, depending on the 
stage at which it is being caiiied out For construction work it is usually 
divided into pre-tendei planning, pre-contract planning and short-term 
planning 

Examples of the use of planning and control at all stages of a project 
are shown in the case studies in Chapter 7 . 



11 1 Pre-tender planning 



Pie-tender planning is undertaken to allow the estimator to arrive at an 
estimate of cost, based on the proposed methods of working and an 
estimate of the time required to carry out the major operations 
Programming at the pre-tender stage is usually in an outline form on 
large projects, to consider only the phasing of the main operations, as 
much information is not available at that time 



112 Pre-contract planning 



Pre-contract planning is carried out when the contract has been won, 
and the project is considered more fully, Planning at this stage includes 
the master programme, labour schedule, plant schedule, and materials 
schedules The master programme should not break the operations 
down excessively on large projects or it will become unreaUstic, 

The information to be used as a basis for calculating productive hours 
at this stage can be obtained from operational records of past contracts 
and from the bill of quantities, provided it is accurate.. If the bill is 
employed, many items will have to be collected together under the 
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ChapterThree 

Decision Trees 



A decision model represents our understanding of a problem 
situation This chapter describes what many consider the 
most powerful modeling and calculation technique in deci- 
sion analysis. 



Decision Tree Construction 

A decision tree is a graphical representation of expected value (EV) 
calculations, The tree consists of decision, chance and terminal 
nodes connected by branches This acts as a blackboard to develop 
and document our understanding of the problem and facilitates team 
collaboration and communication 

Conceptually, any decision, no matter how complex, can be ana- 
lyzed with a decision tree analysis Other alternatives, especially 
Monte Carlo simulation, have advantages and disadvantages for cer- 
tain problems, Decision tree analysis is especially suited everyday 
problems where one wants to quickly pick the best alternative and 
proceed 

Node Types 

There are three types of nodes in a decision tree: 

• Decision nodes, represented by squares, are variables or actions 
the decision maker controls 

• Chance event nodes, represented by circles, are variables or 
events that cannot be controlled by the decision maker, 

• Terminal nodes, represented in the diagram by unconnected 
branches, are endpoints where outcome values are attached 

By convention, the tree is drawn chronologically from left to right 
Decision tree analysis language includes colorful biological analogies 
The starting decision node is called the root, and the radial lines are 
called branches (sometimes twigs^ The terminal nodes are some- 
times called leaves, an overly-complex tree bears the label, a bushy 
mess 
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7056E:NG Resource Planning and Management 



Activitv-on-Arrow Networks 

Draw the activity- on- arrow network diagram for the following projects, calculate the 
earliest and latest starting and finishing times for all activities, and hence calculate the 
total float and free float for each activity. 

Question 1 



Project A 

Activity 



Duration 



IFA 



A 
B 
C 
D 
E 
F 
G 
H 
I 

J 
K 



22 


D&J 


10 


C&F 


13 


D&J 


8 




15 


CF&G 


17 


H, I&K 


15 


H, I&K 


6 


D&J 


11 


J 


12 




20 





Question 2 
Project B 

Activity 



Duration (days) 



1-2 

1-3 

1-4 

2-4 

2-5 

3-4 

3-6 

4-5 

4-7 

5-7 

5-9 

6-7 

6-8 

7-8 

7-9 

7-10 

8-10 

9-10 



5 

10 

12 

Dummy 

14 

6 

13 

7 

11 

17 

9 

Dummy 

8 

5 

13 

8 

14 

6 



7056E:NG Resource Planning and Management 



Activitv-on-Arrow Networks - Solutions 

Question 1 Solution 





Arrow Notation 



Activity 


Total Float 


Free Float 


Interfering 
Float 


Status 


A 


21 


16 


5 




B 


5 


5 







C 


15 


10 


5 




D 


9 


9 







E 











Critical 


F 











Critical 


G 


2 


2 







H 


5 





5 




I 











Critical 


I 











Critical 


K 


3 


3 
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Question 2 Solution 




Activity 


Duration 


EST 


EFT 


LST 


LET 


TE 


EE 


Status 


1 


2 


5 





5 





5 


4 







1 


3 


10 





10 





10 








Critical 


1 


4 


12 





12 





12 


4 


4 




2 


4 





5 


5 


9 


9 


11 


11 




2 


5 


14 


5 


19 


9 


23 


4 


4 




3 


4 


6 


10 


16 


10 


16 








Critical 


3 


6 


13 


10 


23 


10 


23 


14 







4 


5 


7 


16 


23 


16 


23 








Critical 


4 


7 


11 


16 


27 


16 


27 


13 


13 




5 


7 


17 


23 


40 


23 


40 








Critical 


5 


9 


9 


23 


32 


23 


32 


21 


21 




6 


7 





23 


23 


37 


37 


17 


17 




6 


8 


8 


23 


31 


37 


45 


14 


14 




7 


8 


5 


40 


45 


40 


45 








Critical 


7 


9 


13 


40 


53 


40 


53 








Critical 


7 


10 


8 


40 


48 


40 


48 


11 


11 




8 


10 


14 


45 


59 


45 


59 








Critical 


9 


10 


6 


53 


59 


53 


59 








Critical 
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PPM Networks and Resource Levelling 

Question 1 

Draw the PDM network represented by the following activities and then analyse it 
fully? Show the critical path? 



ID 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


K 


L 


M 


N 


IPA 


D 


D 


- 


C 


K 


D 


A 


D 


H 


E 


- 


D 


J,F,G,L,B 


MJ 


Duration 


3 


16 


1 


4 


12 


3 


26 


4 


2 


10 


2 


6 


3 


3 



Qiiestiaii2 

Draw the PDM network diagram for the following project, calculate the earliest and 
latest starting and finishing times for all activities, and hence calculate the total float, 
free float for each activity. 



Activity 


IPA 


Duration 
(WEEKS) 


WORKERS 
REQUIRED 
PER WEEK 


EQUIPMENT 
REQUIRED 
(hrs/WEEK) 


H 


— 


10 


5 


8 


I 


H 


8 


4 


2 


I 


H 


6 


8 


6 


K 


I 


4 


2 


1 


L 


I 


2 


6 


2 


M 


I 


4 


3 


2 


N 


I 


4 


2 








I 


5 


5 





P 


IJ 


5 


6 


6 


Q 


L 


5 


2 





R 


M 


5 





4 


S 


N 


3 





4 


T 


Q 


3 








U 


o,s 


1 


9 


8 


V 


K,R 


5 


14 


8 


W 


U 


2 


6 


8 


X 


V 


3 


6 


8 


Y 


P,W,XJ 


8 


14 


8 


Z 


Y 


6 


5 


8 



1. If there is a limit of 15 workers per week, smooth the workers loading using ES 
and LS histogram. Based on the proposed scheduling, plot the equipment loading 
histogram for the project. 

2. Independently of the above resource levelling, schedule the above project based 
on the following constraints: 14 workers per week and 14 equipment hours per 
week. What would be the total project completion time? 
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Question 1 Solution 






1 


1 






c 




1 



1 


4 


5 




1 


D 



5 



5 


3 


8 





5 


A 


5 
8 





16 



21 



5 


4 


9 



31 


H 


26 

35 






2 


2 




2 


12 


14 


L 



10 


K 


10 
12 



12 


E 


10 
24 

























11 



14 
10 
14 



10 



24 
TO- 





8 


26 


34 





8 


G 



34 



11 



34 



37 



37 


3 


40 



37 


N 



4C 



Critical 



TOSbtJSPG ResouroeFlanniiigandManagEnient 



PDIVI SolulicM:! - Rescwjixjehistjocp^aixtiiotdispiaved 



Tutorial 2 PDM 



W E 

5/8 



10 



H 



10 



4/2 



10 







8/6 



10 




lO" 



23 



16 



16 



2/0 



► 1! 




23 



N 



22 



27 



5/0 



2 

25" 



O 



23 



30 



6/6 



28 



23 



10 



33 



2/1 



16 



5 
21 



K 



20 



25 



3/2 



0/4 



23 



27 



25 



30 



16 


4 


20 







M 







6 


20 





9/8 



6/8 



25 



30 



U 



26 



31 



26 



31 



W 



33 



14/8 



5/8 



14/8 





0/4 






20 


5 


25 





15 


R 



23 





25 


5 


30 



25 


V 



30 





6/8 




30 


3 


33 





X 





15 


23 





6/2 








2/0 








O/O 




16 


2 


18 




18 


5 


23 




23 


3 


26 



23 


L 


7 
25 



25 


Q 


7 
30 


7 
30 


T 


7 
33 







33 


8 


41 



33 


Y 



41 



41 


6 


47 





z 





41 


47 



Critical 
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Question 1 



Crashing PPM Networks 



10 



FF 



TF 



SS4 



SS8 



FF 



TF 



FF8 



SS3 



FF 



TF 



FF 



D 



TF 



FF 



C 



FFO 



TF 



FF 



TF 



a) Fully analyse the PDM detailed above and show the critical path? What is the 
total completion time for the project? 

b) The project manager requests that you crash the above network. Based on the 
following information, which option would you choose to start crashing the 
network? And why? 



Activity 



Normal Duration Crashed Duration Extra Cost ($) 



A 
B 
C 



$ laooo 

$ 4,000 
$ 32,000 
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Question 2 

The infomiation given in the Table below relates to a construction project for which 
your company is about to sign a contract. The normal duration, cost, crash duration 
and crash cost for each activity have been derived from the best available resources. 
Each activity may be reduced to the crash duration in daily stages at a pro-rata cost. 
Indirect cost is assumed to be $500 per day. 



Activity 


Preceding activity 


Duration (days) 


Direct Cost ($) 


Normal 


Crash 


Normal 


Crash 


A 




15 


12 


4500 


5250 




B 




19 


14 


4000 


4500 




C 




9 


5 


2500 


4500 




D 


A 


6 


5 


1700 


1940 


E 


A 


14 


9 


4300 


5350 


F 


B&D 


9 


6 


2600 


3440 


G 


C 


8 


3 


1800 


3400 


H (End) 


E, F, & G 















(a) Draw clearly the network, indicate the critical path and state the normal duration 
and cost for the project. 



(b) Calculate the minimum total cost, showing clearly your workings, and the revised 
duration and cost for each activity. 



7056E:NG Resource Planning and Management 



Crashing PPM Networks Solutions 



Question 1 Solution 



a) 



SS4 



SS8 



10 



FF 
10 



18 



TF 



18 



FF8 











18 


8 


26 




FF 
18 


B 


TF 
26 








i 


i 



14 


8 


24 


FF 
26 


D 


TF 
34 






^^ 



FFO 



26 



FF 



26 



34 



TF_ 



34 



SS3 



13 


8 


21 


FF 
26 


E 


TF 
34 



34 


8 


42 


FF 
34 


F 


TF 
42 



Critical path 



Total time = 42 days, Critical Path = A^B^C^F 



b) 



Activity 



Normal 
Duration 



Crashed 
Duration 



Extra Cost 
($) 



Days 
saved 



Cost 
Slope 
$/day 



A 
B 
C 



$ 10,000 
$ 4,000 
$ 32,000 



5000 
2000 
8000 



Start by crashing activity A. Activity B to be cheaper, however due to the FF 
relationship between A & B & the SS between B & C, crashing B actually lengthens 
the project. Therefore, I choose to crash activity A. 
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Question 2 Solution 

a) 






15 


15 






A 



15 






19 


19 


2 
2 


B 


2 

21 






9 


9 



13 


C 


13 
22 



15 


14 


29 


1 
16 


E 


1 
30 



15 


6 


21 



15 


D 



21 





21 


9 


30 




--► 



21 


F 



30 










9 


8 


17 




13 
22 


H 


13 
30 







30 





30 



30 


H 



30 



C ritical 



b) 



Critical path: A, D, F, and H ^ 30 days 

Nomial direct cost = 4500 + 4000 + 2500 + 1700 + 4300 + 2600 + 1800 

$21,400 

Nomial indirect cost = 30 x 500 = $15,000 

Hence, Total = $36,400 



Activity 


Extra cost / day 


A 


750/3=250 


B 


500/5=100 


C 


2000/4=500 


D 


240/1=240 


E 


1050/3=350 


F 


840 / 3 =280 


G 


1600/5=320 


H 


N/A 



Crash D fully 

Duration =29 days 

New cost = (29 x 500) + (4500 + 4000+ 2500 + 1940 + 4300 + 2600 +1800) = 21,640 

+ 14,500 = $36,140 (Save = $260 for 29 days) 
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Crash A + 2 of B 

Duration =26 days 

New cost = (26x500) + (5200 + 4200 +2500 + 2940 + 4300 + 2600 +1800) = $35.590 

(Save = $810 for 26days) 

Can't crashed E & F as these need to be both crashed to reduce completion time and 
have a cost which is 500 > (i.e. 293.3+320) = 613.3/day 
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Line of Balance 



Question 1 



Thirty (30) concrete block units are to be built. The simple network for each is given 
in the Figure below: 



& 



Site 
security 



■(5 ^© 

^ Site 

preparation 



Excavation 



^ — - 



Foundation 



■ay 



M 



- Q) 



Superstructure 



Services 



KD 



Labour details for the project are provided in the Table below: 



Activity 


Description 


Ideal gang size 


Labour hours req. per unit 


I 


Site security 


5 


240 


I 


Site preparation 


3 


50 


K 


Excavation 


2 


60 


L 


Foundation 


3 


120 


M 


Superstructure 


6 


180 


N 


Services 


3 


200 



(a) Prepare a line of balance (LOB) diagram for the project using a target rate of 
completion of 5 units per week. Use minimum buffer times of 3 days, and a 5 day 
40 hour working week. Note: round activity and elapsed time durations (up or 
down) to the nearest day. 



(b) Indicate the total project duration clearly and then suggest any changes that could 
lead to a more effective schedule. 
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Line of Balance Solution 



Question 1 Solution 



No = 30 Concrete block units 
Target rate = 5 units per week 
Buffer = 3 days 
5 days 40 hr working week 



Act 


Ideal 
gang 
size 


Labour 
hrs/units 


Theoretica 
1 gang size 


Actual 
gang 
size 


Actual 
rate of 
output 
units / 
wk 


Time 

per 

activity 

(days) 


Elapsed 

time to 

completion 


I 


5 


240 


30 


30 


5 


6(6) 


29 


J 


3 


50 


6.25 


9 


7.2 


2.08 (2) 


20.14(20) 


K 


2 


60 


7.5 


8 


5.33 


3.75 (4) 


27.2 (27) 


L 


3 


120 


15 


15 


5 


5(5) 


29 (29) 


M 


6 


180 


22.5 


24 


5.33 


3.75 (4) 


27.2 (27) 


N 


3 


200 


25 


27 


5.4 


8.33 


26.9 (27) 



Theoretical gang size (I) = (5 units/wk x 240) / (40 hrs/wk) = 30 
Actual rate of output (I) = (30/30 x5) = 5 
Time per activity (I) =(240/(5x8)) =6 
Elapsed time (I) =((30-l)x5)/5 =29 



Project finishes in 75 days 
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Queuing Theory and Simulation 



Question 1 



If customers arrive at the average rate of 10 per hour and the average service rate is 16 
customers per hour. Find the expected number of customers in the system, in the 
queue and determine the average time a customer spends in the queue awaiting 
service. 

Question 2 

A survey to study the arrival times for concrete trucks arriving on site and concrete 
discharge reveals the following: 

Probability data for dischaiging concretje: 10% chance of 2 rdnutES, 20% chance of 3 
minutes, 20% chance of 4 minutes, 40% chance of 5 minutes and 10% chance of 10 
minutes. 

Probability data for concrete truck arrival times: 10% chance of 2 minutes, 15% 
chance of 3 minutes, 30% chance of 4 minutes, 25% chance of 5 minutes, 20% chance 
of 6 minutes. 

Use the above data to help decide whether 2 loading bays for the concrete trucks is 
sufficient. Unloading space on the site is highly restricted and you are concerned that 
two loading bays may be too many. On the other hand, you do not want to provide 
insufficient loading bays. Use Monte Carlo simulation to help you estimate likely 
loading bay utilisation. 
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Queuing Theory and Simulation - Solutions 

Question 1 Solution 

Arrival Rate= I =10/hr 
Service Rate =// =16/hr 

I 10 

a) No in system = N = = = 1.67 Customurs 

^ ju-l 16-10 

P 10^ 

b) No in queue= N = = = 1.042 Customurs 

^ ju(ju-l) 16(16-10) 

1 1 

c) Time in svstem= T = = = 0.167 hr = lOmin 

^ ju-l 16-10 

d) Time in queue = T, = = = 0.104 hr = 6.25 min 

^ ' ju{ju-l) 16(16-10) 

Question 2 Solution 

Arrival random numbers: 

Arrival time 2 3 4 5 6 

intervals 
FrBquency(%) 10 15 30 25 20 

Random numbers 0-9 10-24 25-54 55-79 80-99 

for interval 



Truck No 123456 7 8 9 10 

Random No 78 2 9 80 68 57 88 75 61 33 

Arrival 522655 6 5 5 4 
time 

Discharge random numbers: 



Discharging 




2 




3 


4 


5 


10 


concrete 
















Frequency (%) 




10 




20 


20 


40 


10 


Random numbers 




0-9 




10-29 


30-49 


50-89 


90-99 


for interval 
















Truck No 1 


2 




3 


4 5 


6 7 


8 


9 10 


Random No 23 


64 




49 


95 4 


60 8 


52 


87 91 


Arrival 3 


5 




4 


10 2 


5 2 


5 


5 10 


time 

















Note: random numbers have been provided. 
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Simulating arrival and departure for 10 trucks. For example, truck number 1 arrives at 
minute five (5) and takes three (3) minutes to discharge and leaves at minute eight (8). 
Truck number two arrives at minute 5-^2=7 (see above arrival table above for truck 
number 2) and takes five (5) minutes to discharge concrete and leaves at minute 
twelve (12). 

Thus, when the second truck arrives at minute 7 the first truck is still there (i.e. till 
minute 8 thus two bays are required). Continuing this type of simulation we can 
determine that two bays is sufficient. 



Arrive 




Discharge 


Total time 


Time in 


Bays 


time 








bays 


required 


5 


-\- 


3 


= 8 


5-8 


1 


5-^2=7 


-\- 


5 


= 12 


7-12 


2 


7-^2=9 


-H 


4 


= 13 


9-13 


2 


9-^6=15 


+ 


10 


= 25 


15-25 


1 


15-^5=20 


-H 


2 


= 22 


20-22 


2 


20-^5=25 


-\- 


5 


= 30 


25-30 


2 


25-^6=31 


-\- 


2 


= 33 


31-33 


1 


31-^5=36 


-H 


5 


= 41 


36-41 


1 


36-^5=41 


-H 


5 


= 46 


41-46 


2 


41-^4=45 


+ 


10 


= 55 


45-55 


2 
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Matrix Reduction Method 



Question 1 



Firms A, B, C and D each submit tenders for four (4) contracts CI, C2, C3 and C4 for 
which bids were invited. The bids are indicated in the following table. Given that 
each firm is to be allocated one contract, obtain a plan to minimise the total cost. Bids 
are in $ 000' s. 





CI 


C2 


C3 


C4 


Firm A 


16 


14 


17 


12 


FirmB 


18 


12 


11 


18 


FiimC 


14 


14 


17 


15 


FirmD 


16 


17 


15 


16 


Question 2 











Given the performance matrix shown below, allocate persons A, B, C and D to tasks 
I, II, III and IV. A plan is required which will give the lowest overall value, i.e. the 
sum of the four pairings selected has to be minimised. The highest skill graded 1 and 
the lowest skill graded 9. 





I 


II 


III 


IV 


Person A 


8 


5 


2 


1 


Person B 


5 


8 


6 


2 


Person C 


6 


9 


5 


3 


Person D 


2 


4 


1 


5 


Question 3 











Five dragline excavators (I, II, III, IV and V) are to be put on excavation jobs. The 
cost of earthwork per cubic metre with each machine on each job is given in the 
following Table: 





TOBS 1 


MACHINES 


A 


B 


C 


D 


E 


I 


100 


80 


90 


140 


110 


II 


130 


160 


110 


120 


140 


III 


30 


20 


30 


40 


50 


IV 


180 


140 


150 


170 


160 


V 


70 


80 


90 


80 


70 



Find the optimal allocation(s) of the five machines to jobs and the average cost of 
earthwork per cubic metre resulting from the allocation of the machines. (Note: must 
use the matrix reduction method). 
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Matrix Reduction Method Solutions 



Question 1 Solution 





CI 


C2 


C3 


C4 


Finn A 


16 


14 


17 


12 


FimiB 


18 


12 


11 


18 


FinnC 


14 


14 


17 


15 


FimiD 


16 


17 


15 


16 



Step 1: Subtract smallest number in each row from others in that row (typically you 
would also do this step for columns but this is not necessary in this case due to a zero 
in each column) 





CI 


C2 


C3 


C4 


Finn A 


4 


2 


5 





FinnB 


7 


1 





7 


FinnC 








3 


1 


FinnD 


1 


2 





1 



Step 2: Connect zeros by vertical & horizontal lines 



CI 



C2 



C3 



C4 



Finn A 
FinnB 
FinnC 
FinnD 



1 



Step 3: Subtract smallest number not covered from every other uncovered number and 
try to get four lines 



CI 



C2 



C3 



C4 



Firm A 
FinnB 
FinnC 
FirmD 



Step 4: N =4 - we can now find the optimum solution(s) 





Optionl 






ODtion2 




Firm A 


C4 


12 


Firm A 


C4 


12 


FirmB 


C3 


11 


FirmB 


C2 


12 


FirmC 


C2 


14 


FinnC 


CI 


14 


FirmD 


CI 


16 


FirmD 


C3 


15 






2 53 






2:53 
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Question 2 Solution 





1 


II 


III 


IV 


Person A 


8 


5 


2 


1 


Person B 


5 


8 


6 


2 


Person C 


6 


9 


5 


3 


Person D 


2 


4 


1 


5 



Step 1: 
a) Rows 





1 


II 


III 


IV 


Person A 


7 


4 


1 





Person B 


3 


6 


4 





Person C 


3 


6 


2 





Person D 


1 


3 





4 



b) Columns 





1 


II 


III 


IV 


Person A 


6 


1 


1 





Person B 


2 


3 


4 





Person C 


2 


3 


2 





Person D 











4 



Step 2: 
Connect O's: 



III 



IV 



Person A 
Person B 
Person C 
Person D 



Step 3: Subtract smallest number not covered from every other uncovered number 
a) 



II 



III 



IV 



Person A 
Person B 
Person C 
Person D 



N=3 



b) 



III 



IV 



Person A 
Person B 
Person C 
Person D 
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N=4 



Step 4: Optimum solution(s) 
Optionl 
Person A n 


5 


Person A 


ODtion2 


2 


Person B 


1 


5 


Person B 


IV 


2 


Person C 


IV 


3 


Person C 


1 


6 


Person D 


III 


1 


Person D 


II 


4 






2 14 






S14 



Q uestion 3 Solution 





JOBS 1 


MACHINES 


A 


B 


C 


D 


E 


I 


100 


80 


90 


140 


110 


II 


130 


160 


110 


120 


140 


III 


30 


20 


30 


40 


50 


IV 


180 


140 


150 


170 


160 


V 


70 


80 


90 


80 


70 



Step 1: Rows 





JOBS 1 


MACHINES 


A 


B 


c 


D 


E 


I 


20 





10 


60 


30 


II 


20 


50 





10 


30 


III 


10 





10 


20 


30 


IV 


40 





10 


30 


20 


V 





10 


20 


10 






Step 2: Columns (3 lines can be drawn after) 





JOBS 1 


MACHINES 


A 


B 


c 


D 


E 


I 


20 





10 


50 


30 


II 


20 


50 








30 


III 


10 





10 


10 


30 


IV 


40 





10 


20 


20 


V 





H 


20 


1 
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Step 3: Lowest number not covered = 10 





JOBS 


MACHINES 


A 


B 


c 


D 


E 


I 


10 








40 


20 


II 


20 


60 








30 


III 














20 


IV 


30 








10 


10 


V 





20 


20 









Answer 



I 


Bor 


C 


II 


Cor 


D 


III 


A,B, 


CorD 


IV 


Bor 


C 


V 


A, D 


orE 


2 Solutions 




I 


C 


90 


II 


D 


120 


III 


A 


30 


IV 


B 


140 


V 


E 


70 




Sum 


450 


I 


B 


80 


II 


D 


120 


III 


A 


30 


IV 


C 


150 


V 


E 


70 




Sum 


450 



Average = 450/5 = $90 per square metre 
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Decision Making 

Question 1 

A construction firm decided to purchase a mechanical digger and obtained the 
following infonnation regarding purchase price, resale values and running costs. 



Year 


Purchase price 


Resale value 


Running costs 




at the start of 


at the end of 


during the 




the year 


the year 


year 


1 


100 


80 


20 


2 


90 


70 


20 


3 


80 


50 


30 


4 


60 


20 


30 


5 


30 





40 



By preparing a table of suitable values and ignoring inflation/interest rate, etc. 
determine the optimal time to buy and sell the digger in order to minimise the total 
annual costs. 

Question 2 

A managing director of PMT P/L is considering whether or not to build more 
manufacturing plants in QLD. His decision is summarised in the following table: 



Alternative 


Favourable Market 


Unfavourable Market 


Build large plant 


$400,000 


-$300,000 


Build small plant 


$80,000 


-$10,000 


Don't build 








Market probabilities 


0.4 


0.6 



a) Construct an opportunity loss table 

b) Determine EOL and the best strategy 

c) What is the expected value of perfect information? 



Question 3 



A contractor is considering a large construction project to be executed on the bank of a 
stream. Initial studies show that temporary works could be constructed to protect the work 
site at an estimated cost of $100,000. If temporary works are not constructed and there is a 
flood in the stream, the resulting damages are estimated to be in the order of $150,000. As an 
alternative, constructing the temporary works could be postponed till such time as would 
indicate possibility of a flood through rising water level in the stream. For this the contractor 
would have to keep urgent equipment and materials for prompt timely action. The cost of 
maintaining these arrangements is likely to be $30,000 but as a result, the damages could be 
reduced to $80,000. If a flood possibility is about 50%, what strategy should be adopted to 
minimise the loss and what would be the average value of this loss? 
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Decision Making - Solutions 



Question 1 Solution 

Ownership matrix 





Purchase 





1 


2 


3 


4 


Year 




^100 


90 


80 


60 


30 


1 


80 ^ 


-^ 20 










2 


70 


30 


20 








3 


50 


50 


40 


30 






4 


20 


80 


70 


60 


40 




5 





100 


90 


80 


60 


30 



Operation matrix 





1 


2 


3 


4 


1 

2 
3 
4 
5 


70 ^ 50>^ 
100 80 
140 120 


60 
100 


30 

70 


40 



Total ownership cost/yr 







1 



(20+30)/l 40 

(30+40)/2 35 

(50+70)/3 40 

(80+100)/4 45 

(100+140)/ 45 
5 



(20+20)/l 40 

(40+50)/2 45 

(70+80)/3 50 

(90+120)/ 52.5 
4 



(30+30)/l 90 

(60+60)/2 60 

(80+100)/ 60 
3 



(30-F40)/ 70 

2 
(60+70)/ 65 

2 



(30+40)/ 70 
1 



Answer = Buy new and sell after 2 years, $35,000 per year 

Question 2 Solution 

EOL = Expected Opportunity Lost 
EMV = Expected Monetary Value 
EVPI = Expected Value of Perfect Information 

a) Set up EOL table 



A Large Plant 
B Small Plant 
C No Plant 


Favourable 


Unfavourable 


$400000-400000=0 

$400000-80000 =$32000 

$400000-0 = $400000 


0-(-300000)=$300000 

0-(-10000)=$10000 

0-(-0)=$0 


Probability 


0.4 


0.6 



7056E:NG Resource Planning and Management 



b) Calculating EOL 

Large Plant = 0.4(0) + 0.6(300000) = $ 180000 
Small Plant = 0.4(320000) +0.6(10000) = $ 134000 
No Plant = 0.4(400000) + 0.6(0) = $ 160000 

Hence, choose minimum opportunity loss = $134000 
.'. Build small plant 

c) Expected value of perfect infonnation 

EVPI = EP(Expected value with Perfect infonnation) - EMV 
EMV(A) =0.4(400000) +0.6(-300000) =$-20000 
EMV(B) =0.4(80000) +0.6 (-10000) =$26000 

Choose max EMV = B = $26000 

EP =S (best outcome for boom / recession) x (probability of occurrence) 

EP= 0.4(400000) +0.6(0) =$160000 

.-. EVPI = $160000 - $26000 = 134000 

Question 3 Solution 

Plan Flood No Flood 

Build temp works 100,000 

No temp works 150,000 

No temp works but keep ready 80,000 30,000 

EMV (1) = 0.5 (0) + (0.5) (100,000) = 50,000 
EMV (2) =0.5(150,000) +0.5(0) =75,000 
EMV (3) = 0.5 (80,000) + 0.5 (30,000) = 55,000 

Choose plan A (Build temp works) 
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Inventory Management 

Question 1 

a) Your construction firm orders a particular product from a supplier for $6 per 
tonne. Considering that the annual demand for the material is 7000 tonnes and 
stock holding costs are 30% per year of the material cost and the cost per order is 
$6. Calculate the most economical quantity to order? 

b) The supplier has offered to provide your firm with a discount for ordering greater 
quantities of material, as follows. For this new situation, what would be the most 
economical order quantity? 



Price per ton ($) 


6.00 


5.90 


5.80 


5.70 


5.60 


Tons brought 


1-299 


300-799 


800-1999 


2000-3999 


Over 4000 



Question 2 

The demand for a particular product is 12,000 units per year. The costs associated 
with ordering include fixed salaries and costs of $4,000 per annum and variable costs 
of $30 per order. Storage costs consist of rent of $2000 per annum and variable costs 
at the rate of $25 per unit of product Calculate the economic order quantity with 
replenishment taking place of the whole order at the same time. 



Question 3 

The raw material needed by a company for its operation costs $200 per ton and has 
associated with it a cost of $200 for each delivery made. Variable costs of storage are 
5 per cent per year of value of stock held. A further storage cost arises in that special 
containers have to be hired in which to store the material. These must be hired for at 
least a year at a time and the hire cost per year is $1000. Each container is capable of 
holding 320 tons of material. If the total demand per year is 100,000 tons, determine 
the optimum reorder quantity. 



Question 4 

A company has an annual demand of 10,000 units, which can be obtained from either 
an outside supplier or a subsidiary company. Assuming that the delivery time is 
constant use tiie data set out in the following table, to calculate which option should 
the company select? 

From outside From subsidiary 

supplier company 

Purchase price ( $ ) , per unit 12 12.1 

Storage cost ($) 2 1 

Cost of ordering ($) 30 20 
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Question 5 

Your company uses 500,000 items of a certain component per annum at a fairly 
uniform rate. The supplier ABC Pty Ltd. charges your company $100 per 5000 units. 
Ordering cost is $50 regardless of the size of the order. Your current order policy is 
to order 10,000 items every week, but the newly appointed manager criticised such 
frequent ordering. As a consequence of this criticism, the manager asked you to 
determine: 

(a) The average quantity of stock currently held, and how much does this cost the 
company each year in holding costs assuming that it costs $0,125 p.a. to hold one 
item in stock. 

(b) How many orders are made each year, and what does this cost the company 
assuming 50 working weeks/year. 

(c) The economic order quantity (EOQ) and associated cost savings if this order 
quantity was used rather than the current order of 10,000. 

(d) Whether it is worth ordering a larger quantity of 50,000 to take advantage of the 
reduced price of $90 per 5000 units offered by ABC (compared to EOQ situation). 
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Inventory Management Solutions 

Question 1 Solution 

a) 

Annual order cost = — , Annua/ ho/d cost = {ip) — 
q 2 

d = lOOOt, c = $6, 1 = 0.3, p = $6 

.•.Q = jM=,|MZM=2ia 



ip 



0.3x6 



b) 



Batch size 


cd/Q 
Ordering cost 


(ip)Q/2 
Holding cost 


Material cost 


Total cost 


216.025 


194.42 


194.423 


42000 


42388.84 


300 


140 


265.5 


41300 


41705.5 


800 


52.5 


696 


40600 


41348.5 


2000 


21 


1710 


39900 


41631 


4000 


10.5 


3360 


39200 


425705 



Based on the above the most economical order quantity is 800t 

Question 2 Solution 

Based on the stock control eguations in the notes: 

Demand= d =12000 units/ yr 
Fixed services = $4000 / yr 
Variable costs = c = $30 /order 
Storage rental =$2000 
Variable costs= ip = $25/ unit 

Calculate EOQ; 



'2cd 2x30x12000 



iP 



25 



169.17 = 170un/ts 



Question 3 Solution 

Demand= d = 100000 tonnes 
Cost per unit= p = $200 /tonnes 
C =$200 per order 
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/p = 5% X 200 = (0.05x200) 
Ordering cost= — 

But for the holding cost must should also consider the cost of the container: 



,, , ,. , ipQ QxlOOO{$/ container) 

Holding cost= -^-^ + -^ ^-^ 

2 320t/ container 

200x100000 ^^ ^..^^ 
= = 5Q + 3.125Q 



8.125Q' =2x10' 
1569t 



Question 4 Solution 

Option 1 

d = 10000 

c = $30 

ip = $2 



Qi = 



'2cd 



= 547.72 = 548 



d =10000 
c = $20 
ip = $1 



Q2 = 



'2cd 
ip 



Option 2 



= 632.45 = 633 



Unit cost = cost / unit x demand 
= $12x10000 

= 120000 



Unit cost = cost / unit x demand 
= $12.1x10000 

= 121000 



Ordering = No of orders /yr x cost/yr 
_cd _ 10000x30 
" Q " 548 

= 547.45 



Ordering = No of orders /yr x cost/yr 
_cd _ 10000x20 
" Q " 633 
= 315.96 



Storing =/pxd =2x10000 

= 20000 
Hence Option 1 

= 120000 + 547.45 + 20000 

= 140574.45 



Storing =/pxd =1x10000 

= 10000 
Hence Option 2 

= 121000 + 315.96 + 10000 

= 131315.96 



Therefore choose Option 2 (lowest) 
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Question 5 Solution 

(a) 

Average stock level = Q/2 = 10000/2 = 5000 units 
Holding cost = ipQ/2 = (0.125 x 10000)/2 = $625 

(b) 

Orders per year = 500000/10000 = 50 orders per year 

Oixlering cost = cd/Q = 50 x 500000 / 10000 = $2500 

Total cost of ordering and holding for the original situation = 625 + 2500 = $3125 

(c) 

EOQ =V2cd/ip =V (2 x 50 x 500000)/(0.125) = 20,000 units/order 

Holding cost = ipQ/2 = (0.125 x 20000)/2 = $1250 

Oixlering cost = cd/Q = 50 x 500000 / 20000 = $1250 

Total cost of ordering and holding for the original situation = 1250 + 1250= $2500 

Save = 3125 - 2500 = $625 from new situation 

(d) 

Total cost for old situation: 

Old situation = (ipQ/2) + cd/Q + (500000/5000 x 100) 

Old situation = 1250 + 1250 + 10000 = $12500 

Total cost for new situation: 

Q = 50000 

New cost = $90 per 5000 units 

New Situation = (0.125 x 50000)/2 +(50 x 500000)/50000 + 9000 

New Situation = 3125 + 500 + 9000 = $12625 

12625 > 12500, therefore the EOQ situation is better 



7056E:NG Resource Planning and Management 



Cost Planning 



Question 1 



A material supplier company produces 54,000 items per year when working at 60% of 
the factory's capacity. Each item is sold for $10. The costs involved in the 
manufacture at this rate of production are as follows: 



> 


Materials 


$105,000 


> 


Wages 


$180,000 


> 


Fixed overhead costs 


$75,000 


> 


Variable overhead costs 


$45,000 



Note: Variable overhead is constantly proportionate to the number of items produced. 

A contractor places an order with the company for 36,000 additional items at the 
reduced price of $9.00 each (i.e. now 100% production). Due to the additional 
quantity of materials that are required, an 8.0% discount on all material prices is 
obtained. However, the additional labour that is required has to be drawn from a 
reservoir of untrained labour. As a result, the overall efficiency of labour in 
production throughout the factory falls by 10% on all production. 

(a) Illustrate the variation in profit between the prior and new situation. 

(b) Which is the best option, based on percentage profit? 

Question 2 

The standard costs for the materials involved in mixing a compound are $0.60 per kg 
of Material X, $0.75 per kg of Material Y and $0.53 per kg of Material Z. The prices 
paid for each material in practice are $0.65 per kg, $0.73 per kg and $0.55 per kg, 
respectively. The specification of the compound calls for a standard mix of 100 kg of 
X, 270 kg of Y and 135 kg of Z. A check on the material stocks shows that 105 kg, 
267 kg and 140 kg respectively are being used in the actual mixing operation. 
Calculate the material variance for the actual mixing operation. 
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Cost Planning Solutions 

Question 1 Solution 



Original Production 

Profit = turnover- costs = (54000 x 10)- (105000 + 180000+75000+45000) 
$135000 (from cost of $405,000) 

New Situation 

Profit = [54000 x 10 + 36000 x 9.00] - [105000 + (0.4/0.6) x 105000] x 0.92 - 

[(45000 X 0.4/0.6) +45000] - [(180000 + 120000) x 1.1] - 75000 

Profit = turnover - materials - variable overlieads - wages - fixed overlieads 

Profit = 864000 - 161000 - 75000 - 330000 - 75000 = $223,000 (from cost of 

$641,000) 

Old Situation = Percent Profit = Profit/Total Cost = 135000/405000 = 33.3% 
New Situation = 223,000/641000 = 34.8% 

The new situation is the best based on percentage profit. 
Question 2 Solution 





X 


Y 


Z 




Standard mix 


100 


270 


135 




Standard cost/kg 


0.6 


0.75 


0.53 




Total standard cost 


60 + 


202.50 + 


71.55 = 


$334.05 


Actual mix 


105 


267 


140 




Paid cost 


0.65 


0.73 


0.55 





Total paid cost 68.25 + 194.91+ 77.0 =$340.16 

Material variance = $6.11 (unfavourable) 
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Tutorial 1 

Draw the activity- on- arrow network diagram for the following projects, calculate the 
earliest and latest starting and finishing times for all activities, and hence calculate the 
total float free float for each activity. 



Project A 



Activity 


Duration 


IFA 


A 


22 


D&J 


B 


10 


C&F 


C 


13 


D&J 


D 


8 




E 


15 


CF&G 


F 


17 


H, I&K 


G 


15 


H, I&K 


H 


6 


D&J 


I 


11 


J 


J 


12 




K 


20 




Project B 






Activity 


Duration (days) 




1-2 


5 




1-3 


10 




1-4 


12 




2-4 


Dummy 




2-5 


14 




3-4 


6 




3-6 


13 




4-5 


7 




4-7 


11 




5-7 


17 




5-9 


9 




6-7 


Dummy 




6-8 


8 




7-8 


5 




7-9 


13 




7-10 


8 




8-10 


14 




9-10 


6 
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Tutorial 2 



Draw the PDM network diagram for the following project, calculate the earliest and 
latest starting and finishing times for all activities, and hence calculate the total float, 
free float for each activity. 



Activity 


IPA 


Duration 
(WEEKS) 


WORKERS 
REQUIRED 
PER WEEK 


EQUIPMENT 
REQUIRED 
(hrs/WEEK) 


H 


— 


10 


5 


8 


I 


H 


8 


4 


2 




H 


6 


8 


6 


K 


J 


4 


2 


1 


L 


J 


2 


6 


2 


M 


J 


4 


3 


2 


N 


I 


4 


2 








I 


5 


5 





P 


IJ 


5 


6 


6 


Q 


L 


5 


2 





R 


M 


5 





4 


S 


N 


3 





4 


T 


Q 


3 








U 


0, s 


1 


9 


8 


V 


K, R 


5 


14 


8 


W 


U 


2 


6 


8 


X 


V 


3 


6 


8 


Y 


P,W,X,T 


8 


14 


8 


z 


Y 


6 


5 


8 



1. If there is a limit of 15 workers per week, smooth the workers loading using ES 
and LS histogram. Based on the proposed scheduling, plot the equipment loading 
histogram for the project. 



Independently of the above resource levelling, schedule the above project based 
on the following constraints: 14 workers per week and 14 equipment hours per 
week. What would be the total project completion time? 
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Tutorial 3 



1. If customers arrive at the average rate of 10 per hour and the average service rate 
is 16 customers per hour. Find the expected number of customers in the system, 
in the queue and determine the average time a customer spends in the queue 
awaiting service. 

2. The demand for a particular product is 12,000 units per year. The costs associated 
with ordering include fixed salaries and costs of $4,000 per annum and variable 
costs of $30 per order. Storage costs consist of rent of $2000 per annum and 
variable costs at the rate of $25 per unit of product. Calculate the economic order 
quantity with replenishment taking place of the whole order at the same time. 

3. The raw material needed by a company for its operation costs $200 per ton and 
has associated with it a cost of $200 for each delivery made. Variable costs of 
storage are 5 per cent per year of value of stock held. A further storage cost arises 
in that special containers have to be hired in which to store the material. These 
must be hired for at least a year at a time and the hire cost per year is $1000. Each 
container is capable of holding 320 tons of material. If the total demand per year is 
100,000 tons, determine the optimum reorder quantity. 

4. A company has an annual demand of 10,000 units, which can be obtained from 
either an outside supplier or a subsidiary company. Assuming that the delivery 
time is constant, use the data set out in the following table, to calculate which 
option should the company select 

From outside From subsidiary 

supplier company 

Purchase price($), per unit 12 12.1 

Storage cost ($) 2 1 

Cost of ordering ($) 30 20 

5. A survey to study the arrival times for concrete trucks arriving on site and 
concrete discharge reveals the following: 

Probability data for discharging concrete: 10% chance of 2 minutes, 20% chance 
of 3 minutes, 20% chance of 4 minutes, 40% chance of 5 minutes and 10% chance 
of 10 minutes. 

Probability data for concrete truck arrival times: 10% chance of 2 minutes, 15% 
chance of 3 minutes, 30% chance of 4 minutes, 25% chance of 5 minutes, 20% 
chance of 6 minutes. 

Use the above data to help decide whether 2 loading bays for the concrete trucks 
is sufficient. Unloading space on the site is highly restricted and you are 
concerned that two loading bays may be too many. On the other hand, you do not 
want to provide insufficient loading bays. Use Monte Carlo simulation to help you 
estimate likely loading bay utilisation. 
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Tutorial 4 



1. Firms A, B, C and D each submit tenders for four (4) contracts CI, C2, C3 and C4 for 
which bids were invited. The bids are indicated in the following table. Given that each 
firm is to be allocated one contract, obtain a plan to minimise the total cost. Bids are in $ 
OOO's. 





CI 


C2 


C3 


C4 


Firm A 


16 


14 


17 


12 


FiraiB 


18 


12 


11 


18 


FiraiC 


14 


14 


17 


15 


FirmD 


16 


17 


15 


16 



Given the performance matrix shown below, allocate persons A, B, C and D to tasks I, II, 
III and IV. A plan is required which will give the lowest overall value, i.e. the sum of the 
four pairings selected has to be minimised. The highest skill graded 1 and the lowest skill 
graded 9. 





I 


II 


III 


IV 


A 


8 


5 


2 


1 


B 


5 


8 


6 


2 


C 


6 


9 


5 


3 


D 


2 


4 


1 


5 



A construction firm decided to purchase a mechanical digger and obtained the following 
information regarding purchase price, resale values and running costs 



Year 


Purchase 


price 


Resale value 


Running costs 




at the start of 


at the end of 


during the 




the year 




the year 


year 


1 


100 




80 


20 


2 


90 




70 


20 


3 


80 




50 


30 


4 


60 




20 


30 


5 


30 







40 



By preparing a table of suitable values and ignoring inflation/interest rate, etc. determine 
the optimal time to buy and sell the digger in order to minimise the total annual costs. 

A managing director of PMT P/L is considering whether or not to build more 
manufacturing plants in QLD. His decision is summarised in the following table: 



Alternative 


Favourable Market 


Unfavourable Market 


Build large plant 


$400,000 


- $300,000 


Build small plant 


$80,000 


- $10,000 


Don't build 








Market probabilities 


0.4 


0.6 



a) Construct an opportunity loss table 

b) Determine EOL and the best strategy 

c) What is the expected value of perfect information? 
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Tutorial 5 



Question 1: Crashing Networks 



Activity 


IFA 


Normal 
Time 


Normal 
Cost /day 


Crashed 
Cost /day 


Crashed 
Time 


A 


B 


5 


5,000 


- 


NA 


B 


CD 


10 


20,000 


25,000 


8 


C 


F 


3 


4,000 


6,000 


2 


D 


E 


15 


20,000 


28,000 


10 


E 


G 


7 


6,000 


9,000 


5 


F 


G 


15 


20,000 


26,000 


10 


G 


H 


5 


2,000 


3,000 


3 


H 


- 


5 


25,000 


30,000 


3 



a) How much extra will it cost to crash the program by 7 days? 

b) The client has offered a bonus of $12,000 for a 35 day completion. It costs 
$1000/day as overheads. Is this deal worthwhile? 

Question 2: Line of Balance (LOB) 



Twenty five (25) concrete block units are to be built. The simple network for each is 
given in Fig. (1) whereas labour details are given in Table (2). 



O- 



J 



■K) 



■>Q 



K 



-b- 



M 



N 



■o 



x> 



■>o 



Figure 1: Project Network 



Activity 


Description 


Ideal gang size 


Labour hrs req. per unit 


I 


Site Security 


6 


300 




Site preparation 


3 


40 


K 


Excavation 


2 


50 


L 


Foundations 


3 


120 


M 


Superstructure 


5 


180 


N 


Services 


4 


250 




Tab 


e2: Labour Details 





(a) Prepare a line of balance (LOB) diagram for the project using a target rate of 
completion of 4 units per week. Use minimum buffer times of 4 days, and a 5 day 
40 hour week. 

(b) Indicate the total project duration clearly and then suggest any changes that could 
lead to a more effective schedule. 
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Tutorial 6 



1. A contracting finn is invited to tender for an overseas job. The firm calculates its 
actual costs to be $5,000,000. The firm, however, agreed that the client will be 
paying an amount of $2,00,000 at the end of each of the third, fourth and fifth 
years after construction is commenced, to cover the actual costs of the contractor 
plus his profit. 

The contractor programmes the work to cover a three-year period and estimates 
that the costs he will incur will amount to $1,000,000 by the end of the first year, 
$3,000,000 in total by the end of the second year and $5,000,000 in total by 
completion of the work at the end of the third year. The contractor estimates that 
he will have to find all the money to finance the work from sources outside the 
firm and this will have to be borrowed at an interest rate of 10% per year. 
Produce a budget statement for the contractor, year by year assuming all payment 
and receipts are on a year- end basis. 

2. A concrete plant produces a compound which, at full capacity, can be sold for a 
total sum of $1,200,000 per year. The fixed overhead for the plant amounts to 
$450,000 per year and the total variable costs when at full production are 
$650,000 per year. By making some minor modifications to the plant the 
production can be increased by 25% with a 10% increase in fixed overhead. 
Assume that variable costs are constantly proportionate to productivity. Plot both 
situations on a break-even chart and comment on your findings. 

3. A material supplier company produces 10,000 items per year when working at 
50% of the factory's capacity. Each item is sold for $15. The costs involved in 
manufacture at this rate of production are: $30,000 for materials, $60,000 for 
wages, $30,000 on fixed overhead and $12,000 on variable overhead. Variable 
overhead is constantly proportionate to the number of items produced. 

A contractor places an order with the company for 10,000 additional items at the 
reduced price of $11.75 each. Due to the additional quantity of materials that are 
required, a 2.5% discount on previous prices is obtained but only for the 
additional work. On the other hand, the additional labour that is required has to be 
drawn from a reservoir of untrained labour. Asa result, the overall efficiency of 
labour in production throughout the factory falls by 5% on all production. 
Illustrate the variation in profit between the prior and new situation. 

4. A contractor estimates the cost of a project to be $1,000,000 at current prices. 
The contractor adds a profit margin of 20% on which he expects to pay tax at a 
rate of 50%. If inflation is running at 12% per year and the owner fully 
compensates the contractor for price increases due to inflation but delays payment 
until 2 months after certification, what is the contractor' s true profit margin after 
tax? 



7056E:NG Resource Planning and Management 



Tutorial 7 - Revision 



Question 1 



Draw clearly the PDM network reflecting the following information and analyse it 
fully: 



Activity 


Duration (days) 


IPA 


IFA 


A 


3 


— 


B, C 


B 


5 


A 


D, E 


C 


4 


A 


F,I 


D 


7 


B 


G 


E 


6 


B 


H 
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G.H.I 
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P 


P 
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M, N, 


— 



Question 2 

A building project requires cement at a uniform rate of 400 bags/week over a year 
period (52 wks). A bag of cement costs $10.0 and the ordering cost is $200. The stock 
holding cost is 20% of the cost of the item per year. Determine what is the economical 
quantity for purchase? 

Question 3 

Mixed concrete is supplied by a batching and mixing plant to a fleet of trucks, which 
carry it to different sites of placement. The trucks arrive at the plant at an average rate 
of 12 per hour and the plant is capable of loading 20 trucks per hour. The plant 
operates 12 hours/day. Assuming that the truck arrivals are Poisson distributed and 
loading times are exponentially distributed, determine the following: 

(a) The mean time a truck would spend at the plant 

(b) The mean number of trucks waiting in the queue to be loaded 

(c) Assuming that the plant operating cost is $300.0 per hour, whereas truck 
drivers value their time at $80.0 per hour, calculate the average total daily cost 
for this queuing system? 
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Question 4 

A housing project comprises of 40 units with the target handover rate is 2 units per 
week to the client. Each unit consists of eight successive (sequential) operations, 
starting with activity A . Labour details for each activity are given in the table below. 



Activity 


Labour hrs required per 
unit 


Ideal gang size 


A 


80 


2 


B 


310 


3 


C 


90 


2 


D 


30 


2 


E 


40 


2 


F 


142 


4 


G 


62 


2 


H 


78 


2 



Assuming that there is a minimum buffer of two (2) days between operations, and a 
40 hours five-day working week: 

(a) Prepare a line of balance (LOB) diagram 

(b) Indicate the total project duration clearly 

(c) Suggest any changes that could lead to a more effective schedule 

Question 5 

a) Draw the PDM network diagram for the following project. Calculate the earliest 
and latest starting and finishing times for all activities. 



Activity 


Duration 
(days) 


IFA 


A 


3 


D 


B 


4 


E 


C 


6 


F,G 


D 


8 


H 


E 


5 


I 


F 


2 


I 


G 


9 




H 


6 


K 


I 


1 


L 


J 


8 


L 


K 


3 


L 


L 










b) If each activity necessitates the continuous use of a crane, modify the PDM 
network in view of having access to two cranes. 
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Question 6 

For a pipe laying operation, trucks delivering the pipes arrive at the average rate of 10 
minutes. A crane, on site, takes an average of 7.5 minutes to unload each truck. 
Using th e single-line theory, find the utilisation factor for this operation, the average 
number of trucks in the system and the average time a truck is expected to spend in 
the queue. 

Question 7 

A team of twelve (12) men is employed to unload material from trucks. The team 
works for a 4-hour period each day, during which 16 trucks arrive. Your observation 
indicates that it takes 12 minutes to unload a truck and each truck is unloaded on a 
first- in- first- out basis by all 12 men working as a team (one server). Calculate the 
cost of this system if the members of the team are each paid $100 for the 4-hour 
period, and trucks are compensated at the rate of $0.5 per minute, after the first 30 
minutes spent in the system. 
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Tutorial 8 - Revision 



Question 1 



For the following network, determine the project completion time. Hint: consider 
resource constraints. 



Activity 


IFA 


Duration 


Resource Requirements 


X 


Y 


Z 


A 


B 


2 


— 


3 


1 


B 


E 


4 


-- 


2 


-- 


C 


D&H 


2 


3 


— 


1 


D 


F 


5 


-- 


2 


1 


E 


J 


1 


2 


— 


1 


F 




4 


1 


— 


— 


G 


I 


1 


2 


— 


— 


H 


K 


8 


4 


2 


1 


I 


K 


3 


5 


- 


— 


J 


L 


3 


-- 


2 


1 


K 


L 


5 


2 


-- 


1 


L 


— 


2 


— 


-- 


1 


Maximum Available 


6 


6 


2 



Note - IFA: Immediately Following Activity. 



Qi]£stiaii2 

You are responsible for the management and control of a concrete batching plant. 
Your plant opens on Saturday mornings to service trucks requiring concrete. You 
have available ten (10) workers to load the concrete trucks. The team works from 8 
am till 1 pm without a break (5 hour shift) to load the trucks, during which 15 
concrete trucks arrive. Your observation indicates that it takes 10 minutes to load each 
truck with concrete on a first-in-first-out basis by all 10 men working as a team (one 
server). Calculate the cost of this system per period (5 hours) if the members of the 
team are each paid $180 for the 5-hour period, and trucks are compensated at the rate 
of $6.00 per minute, after the first 10 minutes spent in the system. 



Question 3 

Prepare a line of balance schedule for a small contract of 15 houses based on a rate of 
build of three houses per week assuming a five-day (10 hrs per day) working week. A 
minimum buffer of tiree days should be assumed. The following table shows the 
activities together with the established labour-hours and optimum number of people 
for each activity. 
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Activity 


Labour hours 
required per unit 


Optimum gang 
size 


A 


160 


6 


B 


320 


4 


C 


180 


4 


D 


60 


2 


E 


60 


2 


F 


140 


3 


G 


100 


2 



The sequence of operation is as follows: 



0—^0-^©-^-©^©^© 





© © 



(a) Prepare a line of balance (LOB) diagram for the project. 

(b) Indicate the total project duration clearly. 

(c) Make two (2) suggestions as to how the overall duration of the project could be 
reduced. 

Nate; round time per activity and elapsed time (up or down) to the nearest day 



Question 4 

Your company has a demand of 18,000 units of a product, which can be obtained 
from one of three possible suppliers. Assuming that tie delivery time is constant, use 
the data set out in the following table, to calculate which supplier your company 
should select. 





Supplier 




A 


B 


C 


Purchase price ($), per unit 


13 


13.1 


13.2 


Storage cost ($), per unit 


2.2 


2.0 


1.8 


Cost of ordering ($) 


120 


80 


60 
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Question 5 



Activit 

y 


Duration 
(weeks) 


IPA 


Crashed time 
(weeks) 


Normal cost 
($000' s) 


Crashed cost 
($000' s) 


A 


5 


- 


N/A 


5 


- 


B 


4 


A 


N/A 


3 


- 


C 


5 


A 


4 


50 


58 


D 


7 


A 


5 


15 


21 


E 


6 


A 


N/A 


25 


- 


F 


4 


B&C 


3 


5 


15 


G 


3 


E 


1 


5 


8 


H 


3 


F&D 


N/A 


4 


- 


I 


6 


E 


N/A 


3 


- 


I 


1 


G&H 


N/A 


6 


- 


K 


4 


I&J 


3 


2 


7 



Note ■ IPA: Immediately Preceding Activity, N/A: Not Applicable. 

a) Draw the PDM network from the above infonnation (pre-crashing) and analyse it 
fully. How long will the project take, and what are the critical activities? 

b) Considering that you save $9,000 in indirect costs for every week's reduction in 
the projects timeframe. What is the total cost that corresponds to the minimum 
project duration? Note: show clearly your calculations. 



Question 6 

For the following network, determine the project completion time if both resources X 
and Y are limited to 6. 
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Resources required for each activity are shown in the table: 
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Activity 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


K 


Duration (weeks) 


5 


6 


7 


8 


6 


6 


6 


8 


4 


3 


2 


Resource X 


3 


— 


4 


-— 


4 


-— 


2 


-— 


5 


4 


2 


Resource Y 


— 


4 


— 


4 


— 


2 


— 


2 


— 


— 


— 



Question 7 

A contractor is considering a large construction project to be executed on the bank of 
a stream. Initial studies show that temporary works could be constructed to protect the 
work site at an estimated cost of $90,000. If temporary works are not constructed and 
there is a flood in the stream, the resulting damages are estimated to be in the order of 
$165,000. 

As an alternative, constructing the temporary works could be postponed till such time 
as would indicate the possibility of a flood through rising water level in the stream. 
For this the contractor would have to keep urgent equipment and materials for prompt 
timely action. The cost of maintaining these arrangements is likely to be $40,000 but 
as a result, the damages could be reduced to $90,000. If a flood possibility is about 
40%, what strategy should be adopted to minimise the loss and what would be the 
average value of this loss? 

Question 8 

The Queensland Department of Main Roads is offering four contracts (A, B, C and D) 
to be awaided for a small highway project Five pie-selected contractors have 
provided their bid submissions for the different contracts as outlined below. Your 
senior engineer has asked you to determine wMch conpany should be awarded each 
contract to minimise the total project cost. They also stated that each contractor could 
only receive one of the contrBCts available. 



Thiess Contractors: 




Leighton Contractors: 




> Contract A 


$ 650,000 


> Contract A 


$ 550,000 


> Contract B 


$ 100,000 


> Contract B 


$ 120,000 


> Contract C 


$ 180,000 


> Contract C 


$ 240,000 


> Contractu 


$ 350,000 


> Contractu 


$ 410,000 


Abi Group Contractors 

> Contract A 

> Contract B 

> Contract C 

> Contractu 


$ 700,000 
$ 90,000 
$ 270,000 
$ 570,000 


John Holland Contractors: 

> Contract A $600,000 

> Contract B $140,000 

> Contract C $200,000 

> Contract U $ 600,000 


Pavement C ontractors: 








> Contract A 


$ 580,000 






> Contract B 


$110,000 






> Contract C 


$ 250,000 






> Contractu 


$ 380,000 







a) Determine the assignment of the four contracts to minimise the total project cost? 

b) What is the total project cost for this assignment? 
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Major Assignment - Built Environment Project 

7056ENG Resource Planning and Management 

Semester 2 - 2006 

Lecturer. Dr Rodney Stewart 

DueDate. Friday 27*'' October 2006 (Week 13 Lecture time) 

What is required? 

A 10,000 word major assignment on the resource planning and management for a luxury residence 
being constructed in Main Beach (see plans). 

What should the assignment include? 

A review of the provided plans. 

An itemised list of the tasks required for constructing the building and its surroundings. 

A work breakdown structure (WBS) for the proposed project. 

A detailed estimate of the resources required for each activity (Labour, machinery, materials, 

supervision etc.). Allocate costs to each activity in the WBS. 

A PDM diagram for the project (utilise both manual techniques and MS-Project software). 

A time analysis for the project including ES, LS, Floats etc. Comment on these results. 

A Gantt chart for the proposed project using Microsoft Project (or other software). 

A resource analysis for the project and resource histograms. Consider areas where resources may 

be critical and comment on an approach to levelling the resources. 

A detailed description on strategies to make the best use of resources. 

A cost estimate for the project including all relevant costs (site establishment, materials, labour, 

overheads etc.) 

A cash flow analysis for the project and a cash flow diagram. 

Detail strategies to crash the network. Explain the advantages and disadvantages of this strategy? 

A risk management plan for program delays, resource availability etc. 

A report on the profitability of the proposed project. Based on tiie total cost of the project (land, 

house, duties, etc.), calculate the break- even point for selling the residence. What profit margin 

are you looking for? Is the selling price feasible considering current residential property sales in 

the region? 

The assignment will be in the form of a professional report to the project manager. 

What is this assignment worth? 

Since this is the only assignment for this course it is worth 100% . Note: This is an individual 
assignment - plagiarism will not be tolerated . Understandably you will consult each other for 
estimates on quantities, durations etc. 

Assumptions? 

Since you have received architectural plans only and not detailed structural, building services, 
equipment, civil plans etc. you may need to make some assumptions about quantities of materials etc. 
Also, you may not have an idea on material, labour costs etc. You should undertake some research 
(e.g. Rawlingsons guide) to obtain approximate costs and specify activity durations to the best of your 
ability. You will not be penalised for not knowing exact costs and quantities; this is not the purpose 
of this assignment. 
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DRIVEWAY CROSSOVER TO LOCAL AUTHORITY REQUIREMENTS. 



STORMWATER TO BE DISCHARGED TO STREET THROUGH 

2 X 90 DIA. U.P.V.C. PIPES TO LOCAL AUTHORITY REQUIREMENTS. 



PROVIDE SEWER GRADE PIPES TO STRUCTURAL ENGINEERS' DETAILS 
WHERE STORMWATER PIPES GO UNDER SLAB OR THROUGH FOOTINGS. 



MOUNTBATTEN AVENUE 
90" 0' 15.570m 



DOWNPIPES TO BE MAXIMUM 12m APART. 
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Major Assignment - Multi-disciplined Engineering Project 

7056ENG Resource Planning and Management 

Semester 2 - 2006 

Convenor. Dr Rodney Stewart 

DueDatR. Friday Week 13 (27^ October 2006) 

What is the Scenario? 

You have decided to design and build a small manufacturing facility for developing 
reinforcing steel products for the Queensland construction market (only two products: 
Reinforcing Steel bars (rib- wire) and Mesh). Before you begin the detailed design process you 
decide to undertake a preliminary design of the factory and manufacturing process as well as 
estimate the cost and time required to design and build the facility. Also, you would like to 
estimate the demand for the product and the envisaged production rates of the steel 
manufacturing facility to determine whether the project is feasible (i.e. consider a Return of 
Capital ratio). In a preliminary meeting with your project team, you decide that you need to 
complete the following tasks: 

1. Complete a basic preliminary design of the factory (size, layout, crane requirements etc.). 

2. Complete a preliminary design of the manufacturing process for reinforcing steel bars and 
mesh (i.e. schematics of the process and required machinery - see attached). 

3. Consider quality assurance and testing facility requirements in the factory. 

4. Consider what factory control facilities will be required. 

5. Specify the layout of the manufacturing processes in the factory (see attached). 

6. Investigate the specifications of required machinery and their approximate costs (see 
attached). 

7. Investigate lead times for delivery of machinery and their source locations. 

8. Investigate assembly /connection requirements for different machinery to develop the 
required steel manufacturing processes. 

9. Investigate design and construction/process assembly durations and resource (i.e. 
engineers, labour etc.) requirements to develop the facility and the manufacturing process 
within it. 

10. Investigate the sequence for designing and building the steel manufacturing facility (both 
external and internal). 

11. Compile an estimate for the design and construction of the steel manufacturing facility 
(Note: it is not expected that you will go into detail for the civil and structural elements of 
the facility). 

12. Consider the projects total cost to design and build. 

13. Consider the demand for the products and envisaged production rates for the facility (see 
attached sheet for estimated production rates). 

14. Consider annual operating costs for the facility based on production rates and staffing. 

15. Consider profitability and returns from the facility based on estimated sales and operating 
costs. 

16. Estimate the yearly Return on Capital (ROC) of the venture as a percentage. 



Civil and structural elements should be considered for the planning and estimation for the 
steel manufacturing facility but detailed costing and scheduling is not required. However, you 
should be able to detail the basic elements of the structure such as footings, slab, frame, girts, 
purlins, sheeting etc. and their order of construction. Detailed below is an example of a simple 
factory layout. 

What should the assignment include? 

Complete a basic preliminary design of the factory (size, layout, crane requirements etc.) 

Complete a preliminary design of the manufacturing process for reinforcing steel bars 

and mesh (i.e. schematics of the process and required machinery). 

Layout of the manufacturing process within the factory (see example attached). 

An itemised list of the tasks required for constructing the building and its internal 

manufacturing processes (see attached list). 

A work breakdown structure (WBS) for the proposed project. 

A detailed estimate of the resources required for each activity (Labour, machinery, 

materials, supervision etc.). Allocate costs to each activity in the WBS. 

A PDM diagram for the project (utilise both manual techniques and Microsoft Project 

software). 

A time analysis for the project including Critical Path, ES, LS, etc. Comment on these 

results. 

A Gantt chart for the proposed project using Primavera or Microsoft Project. 

A resource analysis for the project and resource histograms. Consider areas where 

resources may be critical and comment on an approach to levelling the resources. 

A detailed description on strategies to make the best use of resources. 

A cost estimate for the project including all relevant costs (site establishment, materials, 

labour, overheads, machinery etc.) 

Detail strategies to crash the network. Explain the advantages and disadvantages of this 

strategy? 

A cash flow analysis for the project and a cash flow diagram. 

A risk management plan for program delays, resource availability etc. 

A report on the profitability of the proposed project. Based on the total cost of the 

project, estimated demand for the product and the envisaged production rates of the steel 

manufacturing facility, determine whether the project is feasible (i.e. consider a Return of 

Capital ratio). 

The assignment will be in the form of a professional report to the project manager. 

What is this assignment worth? 

Since this is the only piece of assessment for this course it is worth 100% - thus it is 
important to put in tie effort and get it right. Note: This is an individual assignment - 
plagiarism will not be tolerated . Understandably you will consult each other for estimates 
on costs, quantities, durations, machinery requirements, production rates, sales data etc. 

Assumptions? 

Since you have received only minimal details about the factory you will need to make some 
assumptions about quantities of materials, machinery, resources, production etc. Also, you 



may not have an idea on material, labour costs etc. You should undertake some research (e.g. 
Rawlinson' s guide) to obtain approximate costs and specify activity durations to the best of 
your ability. You will not be penalised for not knowing exact costs and quantities; this is not 
the purpose of this assignment. 

See attached for a detailed manufacturing layout. 

Example Layout 
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Some helpful web sites 

http://www.steel-n.com/esales/general/us/catalog/ 

http://www.nisshin-steel.co.ip/nisshin-steel/enqlish/profile/s_make.htm 

http://www.ife-21st-cf.or.ip/index2.html 
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Mesh Production 



Item 
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Description 



Typical Example 



Drawing Line 
INIacliine 

=AUD 600,000 each^ 

*AII prices are 
approximate and ex 
works. 



2 off 



Cold Rolling Line (Teurema) 

LG range of cold rolling lines for production of smooth or ribbed wire, 
for reinforcing and/or industrial mesh. 

Constructed in modular form and totally enclosed, 
the lines feature vertical pay-off, mechanical descaler, lubricator, 2 
cold rolling cassettes in line, vertical or horizontal multi-speed 
capstan, stress reliever (capstan driven), all installed on a common 
base frame. Horizontal and vertical spoolers are available with fully 
automatic operation, loading/unloading, strapping and handling of 
fixed or collapsible spool. 




Automatic Welding 
Machine &Acces. 
(No auto cross wire) 

=AUD 2M -2,500,000 

each 

(Depends on # of 

spool sets, 

sophistication of 

payoffs, degree of 

automation) 



2 off 



Automatic V\^der 

The Automatic Welding Machines consists of series of line wire payoffs 
leading into a buffer looper. The line wires are pulled towards the welding 
head where the cross wires are positioned. A continuous feed of mesh is 
produced at which point after a nominated point is sheared to length. Usually 
accompanied by a 'stacker and turner' the every second piece of mesh is 
rotated and stacked to reduce stacking height. Automatic tying options are 
available. 




For detail, refer to enlarged diagram attached. 



Cross Wire Feeder 
(attached to Welding 
Machine) 

=AUD 320,000 each 
(3 spool option 
instead of std 2, allows 
more flexibility and 
less downtime during 
change over) 



2 off 



Cross Wire Feeder (MBE) 

The Automatic Cross Wire Feeder is the accompanying machine to the 
Automatic Welding Machine, supplying a continuous feed of cut to length 
cross wires. 




Barshop Production 




Item 



Shear! ine 

=AUD 164,000 each 

(May prefer larger/ 
different model) 



QTY 



2 off 



Description 



Mini Shearline/ Shearline 300 (Sterna) 

Stationary reinforcing steel shearline. Modular concept for individual 
adaptation consisting of: In-feed conveyor, material storage rack. Simplex 
shear, measuring table with length stop and material kick-off, collecting 
pockets. Control for input of length and piece number. 

High capacity, minimum floor space, one operator. 

Flexible, meets customers' individual needs. 

Control for all functions. 

High performance hydraulic shear. 

Automatic work-cycle. 



Typical Example 



Fitinent Machine 

T12vx=AUD 330,000 
(with some upgrade 
options. Base model 
=AUD 246,000) 



2 off 



T16II=AUD 520,000 
(With upgrade options. 
Base model - no 
double bender etc- 
=AUD 295,000) 

Prices depend on # of 
reels, double bender, 
straighten benches, 
wire change 
magazines 



Twinmaftic 12 xv (Sterna) 

Modern, efficient, versatile automatic stirrup bending machine designed to 
accommodate twin wires up to 10 mm and single wire up to 12 mm from 
hot-rolled and cold-drawn reinforcing steel in coils, spooled as well as 
unspooled. 



Twinmaster 16 11 

A new generation of automatic double wire stirrup bending machines for 
closed and perfect stirrups! 

The Twinmaster 16 II represents state-of-the-art design and technology in 
straightening and bending hot rolled concrete reinforcing steel from coil, from 
6 to 16mm0. 

The introduction of our revolutionary, tried and tested Anti-Stress Unit, 
means that poor quality material can also be processed trouble-free, and is 
fully integrated as standard equipment in the Twinmaster 16 11. 



Double Ended 
Bender 

=AUD 240,000 each 
(Base model =AUD 
205,000) 



Single Bender 

=AUD 32,800 each 
(Base model for 
'Special 60' i.e. Bends 
up to 60mm bars) 



Cage Maker 

=AUD 280,000 each 



1 off 



2 off 



1 off 



Pemriatic (Sterna) 

Automatic bending line, one mobile and one stationary bending machine, 
clamp devices on both bending units, roller conveyor automatically 
adjustable in height, Siemens control, wide range of bending tools for +/- 
bending (accessories), four bending speeds. 



Special (Sterna) 

Special Rebar Bending machines 

Robust series for construction sites and rebar shops. Proven under extreme 
conditions. Easy electro-mechanic pin control. Forged bending plate, extra 
strong bending mechanism. 

High-performance production machine, four adjustable pin hole rails, two 
bending speeds, supplied with complete set of bending tools. 



Cage Maker (Schnell) 

A typical cage maker like this Schnell version shown can produced round 
cages 24m in length with diameters from 200mm to 1000mm. Some models 
available can produce dimeters up to 2000mm. 




Associated Facilities 



Itiem 


Cost Estimate 


Laboratory facilities 


=AUD 100,000 


Computers and software 


=AUD 250,000 


Overhead gantry cranes 
(30m span, single hoist for mesh 
with special lifting frame, double 
hoist for lifting bar, 5t carrying 
capacity. Factor in electrical busbar 
$16000/ 150m of track) 


=AUD 50,000 each 
(Min 4off required) 


Factory (building) 


=AUD 450,000 


Office (building) 


=AUD 250,000 


Forklifts 


=AUD 20-100,000 each 
(Min 2off required for 
inside the factory, 1 
large required to 
unload multiple coils 
from trucks) 



